
,M 

VOLUME ONE NUMBER ONE DECEMBER 1993 

WESTERN AUSTRALIAN JOURNAL OF 

CONSERVATIO AND LAND MANAGEMENT 

DEPARTMENT OF CONSERVATION 

AND LAND MANAGEMENT 



CALM Science 

Published by the Department of Conservation 
and Land Management, PO Box 104, Como, 
Western Australia 6152. 

AIM 

To foster awareness, understanding and 
support for the science on which CALM's 
nature conseNation and natural land manage­
ment activities in Western Australia are based. 

EDITOR 

Marianne R.L. Lewis 

EDITORIAL ASSISTANT 

Wendy Searle 

EDITORIAL ADVISORY BOARD 

Dr Ian Abbott 
Dr Per Christensen 
Mr Ron Kawalilak 
Dr Neville Marchant 
Dr Tony Start 

ENQ!)IRIES 

Enquiries regarding distribution and 
subscriptions should be addressed to 
the Marketing Officer, Department of 
Conservation and Land Management, 
Corporate Relations Division. 
Phone (09) 389 8644 Fax (09) 389 8296 

@ Copyright Department of Conservation and 
Land Management, Western Australia 1993. 

ISSN 1320- 145X 



I STRUCTIO S TO AUTHORS 

CALMSciencc publishes sc ientific research and technical 
investigations carried out by CALM or under the d irection 
and authority of CALM. Al l papers arc refereed outside the 
Department of Conservation and Land Management . 

Editoria l  correspondence and submissions should be 
addressed to The Editor, CALMSciencc, Department of 

onserva ion and Land Management, PO Box 1 04,  
COMO 6 1 52,  Western Austral ia .  

All scientific and tech nical manuscripts submitted to the 
ed itor for publ ication must be accompanied by a completed 
&ience and lnfrmnatioti Divisiou Publiwtiom Submission 
Foi•m. 

Papers muse be of a h igh standard . Submission of a paper 
impl ies that the materia l has not been publ i shed or 
su bmitted e l sewhere .  The journa l assumes that all authors of 
a multi-authored paper agree to its subm ission and accept 
inte l lectual responsib i l ity for i t .  

Authors arc required to forward three hard copies of the 
manuscript and all accompanying materia l  to the editor, 
word processed and double spaced in draft format (si ngle  
spac ing may only be used where i t  is necessary to make a 
table fit a page) .  Word for Windows or MS WORD software 
should be used, and authors arc required to provide floppy 
disks readable by I BM computer. 

Man uscripts must NOT be desktop publ i shed . 

Manuscripts must be on qua l ity A4 white paper pri nted on 
one s ide of the paper only . The character must be clear and 
b lack and a l l  margins mus be at least  3 cm. The pages of the 
manuscript must be numbered consecut ively, throughout 
the ent i re paper, beginning at the ti tle page, and i nc luding 
those pages contain ing references, appendices, tables, 
i l lustrations, captions, a l l  of which are placed after rhe text .  

Spe l l ing should conform with the preferred ( i . e . first-c ited) 
spelling of the Oxford English Dictionary, with the single 
exception of the word 'program ' .  

S I  uni ts should be  used for  exact phys ical quanti ties a nd  
measurements . Authors who  are u nfami l iar with t he  Sf  u n i cs 
shou ld consu lt AS I 000- 1 979 The International System of 
units (SI) and its Application issued by the Standards 
Associat ion of Austral ia ( 1 979) . 

umbers referring to unit of measurement (e .g .  1 0  cm) arc 
never spelt out un lc s forming the beginning of a sentence. 
All numbers under l O nor referr ing to uni cs of measurement 
arc spc l r  out . 

Abbreviations should be identifi ed  the fi rst  t ime they arc 
used. 

The Harvard system ( name and year in text ,  a lphabetica l 
l i sting) for the citation of references is to be used in a l l 
mam1scripts . References must be c ited in Ii.i l l  - no 
abbreviations will be used in d1c Reference l ist .  o editorial 
responsibility can be taken for the accu racy of the 
re ferences : authors are requested co check these with special 
care . 

References to persona l  comm unication in the text shou ld be 
footnoted with he affiliation and location of the person . 
The words 'personal communication' should be spe l t  our in  
fu l l .  

Papers for  publication m ust be  maikd flat; do  no t  bend or 
ro l l .  Fasten with c l ips or clamps: do not taplc or  bind .  

Manuscripts that do nor meet  su bmission requ i rements wi l l  
be returned to the aud1or .  

Authors must retain a complete copy of the manuscript to 
ensure aga inst loss in the mai l , and for their own use . Prior 
to final publ ication and distribut ion,  it is the author's 
responsibi l ity to handle any request or enquiries 
concerning the manuscript, other than those arising from 
the normal  publishing procedure .  

Manuscripts received by the editor are submitted to two 
referees for critical comment .  lf both referees consulted 
agree on whether the manuscript i s  acceptable or 
u nacceptable th is wil l be passed on ro the sen ior author. I f
the referees d isagree a th i rd referee wi l l  b e  sought. I f  there
is sti l l  doubt the Editoria l  Advisory Board will dec ide.

Fol lowing refereeing, the authors must return a revised 
manuscript  with in six months, otherwise i t  wil l be rejected 
or treated as a newly submitted manuscript  requiring 
refereeing .  

The editor may amend the text of a contribution in order to 
make i t  more general l ly  comprehensible 

Authors are required to proofread the ir  papers . The ser of 
proofs forwarded to the au thor must be corrected ( not 
revised) and returned to the editor with in 48 hours of 
rece ipt .  

Twenty oflprints wi l l  be forwarded free of charge to 
authors. o additiona l reprints wi l l  be ava ilable. 

For more detailed information regarding submission 
requirements refer to Guide to A iit/Jon by M. Lewis .  



IN THIS ISSUE 

Structure of invertebrate communities in 
relation to fire history of kwongan vegetation 
at Tutanning Nature Reserve 

STUART). LITTLE AND GORDON R. FRIEND 

Estimated fuel savings for a passive solar 
timber drying kiln in Australia 

B. R. Gwssor

Review of the ecology and control of the 
introduced bark beetle fps grandicollis 
(Eichhoff) (Coleoptera: Scolytidae) in Western 
Australia. 1952-1990 

IAN ABBOT
T 

Growth of Populus deltoides and some related 
clones in the south-west of Western Australia 

R. A. HINGSTON 

Provenance comparisons on Pinus pinaster 
Ail. in Western Australia 

E. R. HOPKINS AND T. B. BUTCHER 

Nl,IMllltA OHi! 



VOLUME ONE NUMBER ONE DECEMBER 1993 

WESTERN AUSTRALIAN 

JOURNAL OF CONSERVATION 

AND LAND MANAGEMENT 

PAGE 2 

Message from the Director of Science and 
Information Division 

JAMES A. ARMSTRONG 

PAGES 3-18 

Structure of invertebrate communities in relation 
to fire history of kwongan vegetation at Tu tanning 
Namre Reserve 

STUART J. LITTLE AND GORDON R. FRIBND 

PAGES 19-34 

Estimated foe! savings for a passive solar timber 
drying kiln in Australia 

B. R. GLOSSOP 

PAGES 35-46 

Review of the ecology and conu·ol of the 
introduced bark beetle Ips grandicollis (Eichhoff) 
(Coleoptera: Scolytidae) in Western Australia, 
1952-1990 

IAN AilBOIT 

PAGES 47-54 

Growth of Populus deltoides and some related 
clones in tl1e south-west of Western Australia 

R. A. HINGSTON 

PAGES SS-105 

Provenance comparisons of Pinus pinaster Ait. in 
Western Australia 

E. R. HOP.KINS AND T. B. BUTCHER 



Message from the Director of Science and Information, 
Department of Conservation and Land Management 

I an delighted to laLmch CALMScience, the new science journal of the Department of Conservation and Land 
Management in Western Australia. 

The intention in publishing this journal is to provide a sharper focus for communicating CALM's many and 
varied research outcomes. CALMScience replaces the Departments previous titles, namely Research Bulletin, 
TechnicaJ Report and Occasional Paper. The Department's existing journal uytsia will continue to 
disseminate new information concerning plant systematics and taxonomy. 

Our initial aim is to publish two issues of CA LMScience each year, with each issue containing about l 00 pages 
of peer reviewed papers reflecting the diversity of the research undertaken by the Department. From time to 
time longer papers, or paper on a particular theme will be published separately (but in identical format) as a 
CALMScience Supplement. Supplements wiJJ be a ailable for ale separately. 

I am confident that CALM cience will be well received by those interested in the science of nature 
conservation, sustainable utilization and land management. The new journal indicates an enhanced awareness 
by taffofci1e Department of the need to disseminate the information required to demonstrate that land 
management in Western Australia is based on sound science and that the utilization of our unique biota is 
sustainable. 

Dr J .A. Armstrong 
Direcror 
Science and Information Division 
November 22, 1993 
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Structure of invertebrate communities in 
relation to fire history of kwongan 
vegetation at Tutanning Nature Reserve 

' School of Environmcntal Biology, Curtin University ofTcchnology, 

Bentley 6 102, Western Australi a; Present address : Natural Resources 
Board, Dcparanent of Plann ing, GPO Box 3927, Sydney 2001 ,  New 
South Wales. 

' Science and Information Divi5ion, Department of Conservation and 
Land Management, Wildlife Research Centre, Woodvalc 6026, 
Western Australia. 

ABSTRACT 

Trends in abundance and composition of the ground ­
dwelling invertebrate communities were studied over 
1 0  months (May 1988-February 1989 ) in different­
aged kwongan vegetation within Tutanning Nature 
Reserve. Habitat structure and floristic composition 
were also assessed. Twenty-nine taxonomic groups of 
invertebrates (predominantly orders) and 125 species of 
A.rancae (spiders ) were identified . Invertebrate 
abundances peaked during spring (September, 
November) and generally showed no site preferences. 
Composition of the spider fauna in the oldest site (last 
burnt in 19 32) was markedly different from that of tl1e 
otl1er sites during spring. This was related to tl1e 
structural composition of the litter and the presence of 
emergent shcoaks (AJlocasuarina htiegeliana) .  The 
u·ends found in this study suggest that fire does not
exert a long-term influence on the structure of the
invertebrate communities in these semi-arid ecosystems.

INTRODUCTION 

Native vegetation in the semi-arid wheatbelt areas of 
Western .Australia largely occurs as small, disjunct 
patches of woodlands and shru blands remaining in a 
landscape cleared largely for agriculture (Brown and 
Hopkins 1 983; Main 1987) . The shrubland 
components of tl1ese remnants, termed 'kwongan' 
(Bea.rd 1976 ) ,  have been extensively studied in terms of 
their floristic composition (Brown and Hopkins 1983;  
Brown 1989 ) ,  modes of nutrition ( Lamont_ 1 984), and

STUART J L ITTLE 1 and GORDON R .  F RI END2

responses to fire ( Bell et al. 1984 ) .  However, no 
invertebrate community surveys have previously been 
conducted in tl1is vegetation type. Consequently, tile 
richness and composition of the invertebrate 
community inhabiting kwongan and the effects of fire 
and other disturbances upon these organisms arc as yet 
unknown . 

It has been postulated that fire effects should 
become more prolonged as aridity increases (Hopkins 
1985 ;  Hutson 198 5 ;  Majer 198 5 ) .  In their studies, 
Hutson and Veitch ( 1 983)  and Majer ( 1985 )  found a 
positive association between invertebrate recovery 
following fire, and rainfall. This may reflect faster plant 
growth and also higher rates of l itter accumulation and 
nutrient recycling following fire as rainfall increases. 

From research conducted in the more mesic forested 
areas of the south-west of Western Australia, where 
rotational burning is implemented as a management 
tool, invertebrate communities have shown a wide 
range of responses to burning. From studies of 
prescribed burning in jarrah (Eucalyptus marginata) 
forest, Koch and Majer ( 1980) found that invertebrate 
species richness was reduced for at least three years 
following burning, while Springett ( 1 976) suggested 
invertebrate populations may not recover from bw-ning 
witl1in a normal five- to seven-year burning rotation. By 
contrast, Abbott ( 1 984)  found that the majority of soil 
and l itter fauna recovered within three years of burning. 
In dry sdcrophyll forest in Victoria, Neumann and 
Tollmrst ( 1 99 1 )  concluded that a spring bmn, and to a 
lesser extent an autumn burn, temporarily reduced the 
abundance of invertebrates involved in the decomposer 
cycle, particularly Collembola, larval Diptera and 
e,uthworms. Consistent with the majority of studies, 
however, is the finding that there is a strong association 
between litter density and soil and litter invertebrate 
abundance (e .g .  Campbell and Tanton 198 1 ;  Hutson 
and Veitch 1983,  1985 ;  Majer 1985 ;  Raison, Woods 
and Khanna 1 986; Postle 1989 ) .  

This study aimed t o  examine th e  long-term 
influence of fire on the structure of invertebrate 
communities ( and spiders in particular) and their 
habitat in three semi-arid kwongan sites at Tutanning 
Nature Reserve in tl1e Western Australian wheatbelt .  
The study utilized space-for-time substitution (SF

T

) ,  
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whereby sites with different fire histories were 
contemporaneously sampled to explore relationships 
between fire and invcrtt:bratc community structure. 
Limitations of the SFT approach in answering 
distmbance ecology questions have been discussed by 
Pickett ( 1989). Despite its limitations, this approach 
was adopted as a preliminary strategy to gather baseline 
infr)rmation, since no previous research had examined 
this topic. The work forms part of longer-term 
experimental research cxamining tht: impact of fire on 
vertebrate and invertebrate comm1initics at Tu tanning. 

STUDY SITE-TUTANNING NATURE 

RESERVE 

Location, Climate, Soils and Vegetation 

Tut, nning Nature Rese1ve ( 32°31 'S, 117°23 'E) is
situated approximately 150 km south-cast of Perth 
(Fig. I) and covers an area of 2140 ha. The area has a 
mcditerrancan-typc climate with an annual average 
rainfall of 454 mm, most occurring between April and 
August. Temperature varies between a mean maximum 
of 31. 7°C in January and a mean minimum of 5.6°C in
August. 

Vegetation communities within Tutanning arc 
closely related to soil type and topography, though 

,., 

f 

Fig1,ire 1. Map of south-weft Western Atistraiia showing
the location ofTittanning Nature Reserve. 
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Nyagba (1976) noted that several soil boundaries 
transgress vegetation boundaries. The lateritic and 
granitic upland arc characterized by Dryandra and 
Petrophitc shrubland with open woodlands of 
powdcrbark wandoo (Eucalypttts accedens). The 
breakaway faces containing sandy loams upport brown 
mallet(£. astringens) or£. accedens, while lower gravel
slopes support communities ofwandoo (E. wandoo). 

t:1nd of sheoak (A/locas1-tarina huegcliana) 
charactcrize granite outcrops and gritty sand deposits 
( }'agba 1976; CALM 1988). 

Although kwongan vegetation in Tutanning 
repre cnts only about 3 per cent of the rcsc1vc's area, it 
contains more than half the pecies recorded there 
(Brown and Hopkins 1983). The three kwongan site 
examined in thi tudy were situated on the midslope 
position. Soils shuwcd a duplex profile with an A 
horizon comprising grey or brown sand and la critic 
gravels ro a depth of l 0-25 cm, overlying a sandy clay B 
horizon. 

Fire History 

Fire h.,s formed an integral part ofTutanning's history. 
Fi1:,ri.1re 2 shows the most recent fires on the reserve and 
the location of the three study sites in areas last burnt in 
1932, 1940, and 1965. The 1965 site was also burnt by 
wildfire in 1940 and was subjected to some agricultural 
dist11rb,u1C<: in the late 1950s. All fires are believed to 
have been escapes from clearing burns on adjacent land
but their intensities arc unknown. The 1965 site was 
also pr<:S1:riptio11 burn· at modcr,\te intensity in March 
l 990 aftcr the pre. cnt study was completed.

METHODS 

Two sampling grids were placed at each site to enable 
within- and between-site variation in the data to be 
examined Each grid comprised 16 pitfall traps spaced 
at 5 111 intervals, which created a 4 x 4 matrix within a 
I Sm x 15m square (Fig. 3). The contents of the four 
pitfalls in each corner were bulked to form four 
replicate samples (sec later). 

Habitat Assessment 

Vegetation strncture was measured at four 
permanently-marked habitat points located I m north, 
south, cast and west of each pitfall trap (sec Fig. 3). 
There were thus 16 habitat points per replicate sample. 
Structural attributes were also, sscsscd over the entire 
grid. 
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Figun 2. Tutanning Nature Reserve-fire history. 
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Figure 3. Layout of an invertebrate sampling grid. 
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Scale (km) 

(a) Habitat point measurements
The following attributes were recorded at each

habitat point: 
l. Leaf litter cover (percentage) in a 30 cm x 30 cm

area scored as 0=absent, l=l-25 per cent, 2=26-50 per 
cent, 3=51-99 per cent, and 4=100 per cent. The 
midpoint value of each percentage cover category was 
then used to calculate a percentage cover value per 
replicate using the following formula: 

C = Efm 

16 

where: C percentage cover value 
f = frequency of observation 

m = midpoint of percentage cover category 

An analysis of variance and Scheffe test (Scheffe 
1953; Zar 1984) were utilized to examine differences in 
percentage cover values between the three sites. A 
coefficient of variation (Zar 1984) was calculated from 
the mean percentage cover value of litter for each site. 

2. Number of units of woody litter (dead/down
branches or logs >5 mm diameter) bisected by a plane 
50cm each side of the habitat point. Woody litter 
diameter categories were 1=5-l0mm, 2=10-25mm, 
and 3=>25 mm. 

The frequency of occw-rence of woody litter falling 
into these three categories was totalled for each 
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repl icate ( i .e . 1 6  habitat points ) and log l inear analysis 
of variance conducted on these data. A value of one was 
added to each frequency prior to statistical analysis to 
compensate for ze ro scores. 

3. Nu mber of touc hes of vegetat ion on 1 2  i n tervals
of a vertica l l y  held levy rod. H eight i n tervals (cm) u sed 
were: 1 =0-12 . 5 ,  2= 1 2 .6-2 5 ,  3=26-50, 4=5 1 -75 , 
5=76-1 00, 6= 1 0 1 - 1 2 5 , 7= 1 26- 1 50, 8 = 1 5 1 - 1 75 ,  
9= 1 76-200 , 1 0=20 1 -2 50, 1 1 =2 5 1 -300 , 1 2=>300 .  

These data w1c: re used to calcu late the  horizonta l and 
vert ica l distr i bution of fol iage . The hor izontal 
d i stribut ion of fo l iage was calcu lated by dividing the 
number of habitat poi nts with in  each repl icate which 
had a recorded contact by the number of ha bitat poi nts 
within each repl icate ( 1 6 ) .  This was then conve rted to a 
percen tage and analysis of variance used to ide nt ify any 
site d ifference . 

S i te d i ffe rences in the vert ica l  d istrib ution of fol iage 
were exa mined by u sing log l i near analys is of variance 
on the frequency of observ·i.t ions in each of he levy rod 
i nte1vals. A value  of one was added to the freq uency of 
each of the classes to compensate for zero values . The 
vertical distri bu tion of fol iage was also assessed for each 
site by divid ing  the total n u mber of pla nt con tacts per 
levy rod in te1val by the number of rods which touched 
any vegeta tion . This  was used to create a ve rt ical profi le 
of plant cover density. 

4. Majority of touching vegetation in i n terv.1 Js 1 - 1 2
al ive ( 1 )  or dead ( 0 ) .  

T h e  percentage o f  l ive stand ing vegetation per s ite 
was calculated by tal ly ing the n u m ber of 'a l ive' 
record ing per s ite, and div id ing th is by the n u mber  of 
habi tat poi nts which had a recorded con tact .  These data 
were transformed to natmaJ logarithms and analysis of 
var iance used on the u·.msformed d ata to assess si te 
di fferences . 

5 .  M aximum height (cm) of l iv ing u nderstorey 
vegetation (<3 m )  with in  20 cm of the levy rod . These 
data were su bjected to an ana lysis of va r iance to 
examine d ifferences between si tes . 
( b )  Grid measu rements 

The fol lowi.ng si tt.: characteristics were measured or 
est imated over each enti re grid :  

1 .  Percentage of total l ive fol iage i n  each of five 
l ayers 11iz. 0-0 . 5 m , 0 .6- 1 .0 m, 1 . 1 -2 .0 m ,  2 . l -5 . 0 m ,
a n d  > 5  m .

2 .  Perce n tage cmopy cover (>2 m )  derived from 
fr)ll r readings ( ,E,S ,W)  of a canopy densiometer u kcn 
over the  centre of 1c:ach grid .  

3 .  Projected fo l iage cove r (percentage ) of 
u nders torey vegetation ( <2 m ) .

4 .  Percentage of oi l  su rface which i sand <2 mm,
gravel 2-4 111111 , gravel 5-l 0 m m and gravel > 1 0 mm .  

Measureme nt o f  these site characterist ics were then 
averaged for each si te and standard error calcu lated . 
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Floristics 

Plant species fal l ing within a radius of 5 .64 m ( l00 m') 
of the centre of each grid were recorded 
(presence/absence ) by A. Hopkins and J .  Ha1vey i n  
early ovcmber 1988 .  Site differences in plant species 
r ichness were exa mined by using log l i near analysis of 
variance . 

Hierarchical Class i ti c.i tion Analysis (HCA )  of the 
presence/absence d ata used the average-l inkage 
method and sq uared Eucl idea n dista nce measu re 
(Ga uch 1 9 82 ) .  Similarity of the p lant species 
..:omposition of the s ix grids was exa mined using 
Sorensen's ( 1 948)  'q l10t ie n t  of si m i l a r ity '  QS=2c/a+b 
where a= the n u m be r  of species i n  sample A, b= the 
num ber of species i n  samp le B ,  and c= the  nu mber of 
specie commo n to sa m ples A and B. HCA was also 
performed on Sorensen 's  si m i larity i ndex to examine 
whether these groupings d iffe red from those iden t ified 
by HCA on the presence/absence data . 

Invertebrate Sampling 

Pitfal l  traps were used to ·ample the invertebrate fauna .  
The l i mitation of this sampling technique is  out l ined by 
Soutl1wood ( 1 978) and Adis ( 1 979 ) . AJtl1ou gh l imited 
in its efficiency for comparing d ifferent community 
types and est imating absolute i nve rtebrate populations, 

outhwood ( 1 978 ) notes that th i s  method can be used 
to assess the rel a tive abu ndance of i nvertebrate 
populations in s im i lar ha bitat types . Pitfal l trapping was 
a lso se lected becau se of its case of operation. 

Each pitfa l l  trap consisted of a plastic cup (90 mm 
d iameter, 1 1 0 m m  deep ) placed inside a s leeve of PVC 
pipi ng, enabl ing pitfal l  traps to be set and removed with 
min i mum d isturbance to the su rrounding soi l  and l i tter. 
This design of trap is si mila r to that described by Majer 
( 1 978a) .  

When i n  use ,  each pitfall was half- fil led with G ait 's 
solu t ion which consisted of 5 per ccnt sod i u m  chloride ,  
l per cent  pot.issi u m  nitrate, l pe r cent ch l oral hyd r.ite ,
a t race of glyceri ne, and the rem a in ing 93 per cent
water .  Traps were operated for ten consecut ive days for
each of the months of May ( autu mn) ,  J u ly ( wi nter) ,
September and November ( spring) in 1988 ,  and
Janu ary and Febru ary ( su mmer) 1 989 . At the end of
each ten-day sampl ing period the con tents of the four
pitfa l l  traps in e.ich rnrner of a gr id  were bu lkcd to form
four  repl i cate sample� . Each sample was l a bel led
accord ing to the sample t i me, site , and posi t ion on the
grid . Sam ples were fi ne-s ieved in the tield and
ti-a11sferred from Gai t 's sol u tion to 70 per cent ethano l .
Sand-filled c ups were pl ,lCed i n  the  PVC sleeves to  close
the pi ts .

Invertebrates were sorted to class level usi ng a stereo 
mkroscope. Arach n ids and i n sects we re su bsequently 
identified to order leve l ,  the latte r with the aid of keys 
described in CSI RO ( 1 970 ) .  The abu ndance of each 
taxonomic unit was then recorded for each sample . 
Hymenoptera Formicidae ( ants ), Colcoptera adults 



(beetles), and Araneae (spiders) were placed in separate 
vials, the latter taxon being identified to species level. 
Collembola were not included in taxonomic sorting. 

Statistical Analysis of Invertebrate Data 

Computer analysis of the invertebrate abundance data 
employed the SAS and Systat programs. Log linear 
analysis of variance (AOV) was used on tl1e abundance 
values to examine site preferences, time of sampling 
(months), and grid (within-site) differences in the 
invertebrate data. All abundances were raised by a value 
of one to compensate for zero abundances. 

Scheffe's pairwise comparison tests were performed 
on those groups showing significant differences 
between months. These tests grouped together months 
with similar means. Similarly, Scheffe's tests were 
performed on those taxa showing significant differences 
between sites, identifying any site which had unusual 
abundance characteristics. 

Statistical Analysis of Spider Data 

Spiders were identified using the keys of Main (1980) 
and Masco rd ( 1980) and with me assistance of Dr 
Louis Koch. A species reference collection was created 
for future research purposes. Community parameters 
calculated from tl1e spider abundance data included: 
total number of individuals, species richness, diversity, 
and the evenness of species distribution calculated as: 
J'= H'/log S where H'=- the information content ofa 
sample, anJ S = the number of species (Pielou 1975 ). 

Similarity of species composition and abundance was 
examined using Hierarchical Classification Analysis 
(HCA), utilizing the average-linkage memod to cluster 
groups and squared Euclidean distance as the distance 
measure (Gaucb 1982). This analysis procedw-e used 
the totals for each of the eighteen month/site 
combinations, and tl1en clustered these combinations so 
that similar commwtities were grouped together. 

RESULTS 

Habitat Assessment 

(a) Habitat point measurements
Scheffe's pairwise comparisons revealed tl1at the

1932 site had a significantly ltigher mean percentage 
litter cover value than the other sites (p<0.05 ). Table 1 
shows me mean percentage cover value, standard error 
and coefficient of variation for tl1e mree sites. 

No significant site differences were found for woody 
litter abundance. However, mere was a significant 
interaction effect between tl1e three woody litter 
categories and sites (F=3.24, p<0.05), with tl1e 1932 
site scoring a much higher frequency of woody litter in 
the 5-l0mm diameter category (Fig. 4). 

Sites did not differ significantly in their canopy 

TABLE l 
Mean percentage litter cover values, standard errors and 
coefficient of variation IVI for the three sites (n=81. 

SITE 

1932 
1940 
1965 

50 

40 C 

.Q 

30 

0 20 

10 z 

MEAN 

48.8 
29.7 
32.0 

STANDARD V[%) 
ERROR 

4.3 24.9 
1.2 11.8 
2.4 21.6 

Woody litter 

Diameter of 
woody litter 

D 5-l0mm
□ 10-25mm
El >25mm

Figure 4. Site differences in the mean frequency of the 
three woody litter classes (n=8). Standard en-ors shown as 
bars above the means. 

cover, percentage live standing vegetation and 
frequency of vegetation 'touches'. The interaction effect 
between sites and levy rod interval was also not 
significant. Plant cover density profiles (Fig. 5) 
indicated tl1at all tl1ree sites had very dense vegetation 
up to 0.4m. The 1932 site showed me presence of 
emergents forming a sparse upper canopy at 1.4 m and 
above, whereas me 1940 and 1965 sites showed 
negligible vegetation cover above 1.4m. However, 
analysis of variance did not find tllis difference to be 
significant. 

Ma.ximum vegetation heights were not significantly 
different between sites. However, differences between 
grids witllin sites were significant (F=3.16, p<0.05). 
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Plant cover dens ity 

Figure .5. Vertical profiles o
f 
plant  Ct) )ler density. 

( b )  Grid measurements 

2 . 0  

The proportion (percentage ) of total fol iage i n  each 
of five l ayers ( 0-0 . S m, 0 . 6- 1 .0 m  1 . 1 -2 . 0 m, 
2 . 1 -5 .0 m ,  ;rnd > 5  111 ) was consistent wi th  the  resu l t s  of 
the levy rod darn . The percentage cmopy wvcr (>2  m) 
and projected fol iage cover of u nders rorey vegetation 
( <2 111 )  a lso reveal ed trends that \ ere consistent with 
the vcrri c:-d structure measureme nts  for ead1 habi tat  
po inr ;  these res u l ts arc not discussed li. 1 r rhcr .  

Coarse so i l  fabr ic  compo i c ion was  imi lar for eac h 
of the three sites with over 70 per cent o f  coarse soi l 
fabric compris ing sand <2 mm.  

Plant Floristics 

Analysis of variance revealed that there was no 
significant di ffe rence in plant species riclmess between 
the si tes . 

H ierarchical  Classification Analysi on the 
presence/absence fl orist ic data ( Fig.  6) ind i  ated that 
the 1 940 s i te separated first, and showed the least 
within-s i re simi larity in p lant species composition .  The 
L 965 site showed the hi ghest wi thin-sire s imilarity. 
Grouping of the grids on the hasi of Son.:nsen's 
s i m i l arity i udex  confirmed the trend revea led by the 
group ings from the presence/absence data .  

Invertebrates 

A total of 29 broad taxonomic invertebrate groups 
(class and order) was sampled :  Annelida (earthworms ),  
Scorpionida ( scorpions ) ,  Pseudoscorpionida 
(pseudoscorpions ) ,  Opil iones ( harvestmen) ,  Araneae 
(spiders ),  Acarina (mites) ,  Isopoda (woodlice ), 
Diplopoda (millipedes ) ,  Chilopoda ( centipedes),  
Thysanura ( bristle-tails) , Blattodea ( roaches ) ,  
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Rescaled Distance Cluster  Combine 

CASE 0 5 1 0  1 5  20 

Lobel Seq 

1 965/ 1 5
J 1 965/5 (, 

1 932/ 1 1 
1 9 32/5 2 
1 940/ 1 3

1 940/5 4 

Figure 6. Dendrogram of grid groupings using 
Hierarchical Classification Analysis on floristic 
presence/absence data. The two grids arc identified as 
I (replicates 1 -4) and 5 (replicates 5-8). 
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Mantodea ( mantids ) ,  Isoptcra {termites ) ,  Dermaptera 
( earwigs),  Orthoptera ( grasshoppers and locusts ) ,  
Phasmatodca ( st ick- insects ) , Psocoptera ( book-l ice ) ,  
Hem iptc rn ( b u gs ) ,  Thysanoµtera ( t h ri ps ) ,  emoptera 
ad u l ts ( lacewings ) ,  europtcra huvae ( antl ions ), 
Coleopte ra ad u l ts ( beetles ),  Col eoptera larv·1e,  Diptera 
adu l ts ( fl ie s ) ,  Diptera larvae ,  Lep i d optera adu lts 
( moths ) ,  Lcpidoptern larvae Hymenoptera Fonnicidac 
( ants ) , and H ymenoptera others ( wasps and bees) . 

Formic idae accounted for ove r 60 per cent of the 
total n u m ber of invertebrates capt u red and t his tended 
ro mask tre nds in the other grou ps in the ana lyses . 
Thus ,  the data for total invertebrate abund;rnce were 
analysed twice, 01Ke i n  · l ud ing Formicidae and once 
exclu di ng this  taxon .  

Wi th  the Formicidac ind uded , s t rong seasonal 
ctkcts were shown for total invertebrates ( F= l 0 3 . 8 ,  
p <0 . 00 1 ) , w i t h  abundances peaking i n  su mmer ( Fig.  
7) .  S i te di ffere nces were not apparent (p>0.05 ),  bu 
there was a signi ficant i n ter:-tct ion e ffect between 
months and sites { F=4. l ,  p<0.00 1 ) i ndicating variable 
seasonal tre nds berwern s i tes .  Grids with in sites d iffered 
s ignificantly ( p<0.0 5 ) . Total invertebrate abundances 
showed si mi lar  s ite and season;1 I  u·ends when 
Formicidae were excl uded, but  showed a spri ng rather 
than a su mmer peak ( Fig.  8 ) .  Furt hermore , w i thin -si te 
d i fferences ( between grids) were no lo nger signi ficant 
{ p>0 .05 ) .  

Only e igh t invertebrate taxa ( Acar i na,  Araneac , 
I soptera, Hcmiptera, Colcoptera ad u lts, Diprcra ad ults , 
Hymenoptera Formicidae, and H yme noprera ( excluding 
Formicidae ) were su fficient ly abundant to indicate 
withi n - and between-site d ifference , :rnd to warran t  the 
use of furtl1er tat istical analysis .  Al l eight taxa showed 
high ly s igni ficant  seasonal effects ( p<0.00 1 )  and 
in teraction ( months/sites ) eftccts ( p<0.00 1 ) . 

However, only the Araneac, Dip  ern adu l ts ,  and 
Formicidae showed si te d ifferences (p<0 . 0 5 ) .  Within­
s i t  d ifference were only significan t for Formicidae 
( p<0 .05 ) . 

For tl1e Acarina, seasonal i ty effects were apparent 
(F= l l 8 .9,  p<0 .00 1 ) witl1 greatest abu ndance occurring 
in January and least in May and }lL ly  (Fig. 9 ) . No site 
preference was hown by tl1is taxon, tl1ough t11e 
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errors shoivn as bars above the means. 
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Fig1,re 8. Ten-day means per replicate (n=B) for Total 
Invertebrates (excfading Formicidae) in the three study 
sites. Within-site standard errors shoJVn as ba1·s above the 
means. 

interaction eflect proved significant (F=2.9, p<0.01). 
Acarina abundance in the 1932 site increased sharply in 
September and peaked in ovember, whereas 
abundance in the 1940 and 1965 sites rose more 
gradually to peak in January. 

Site and seasonality differences were apparent for 
Araneae (F=l3.0, p<0.05; F=26.l, p<0.001, 
respectively; Fig. 10). Scheffe tests revealed that the 
1940 site had a significantly lower abundance of spiders 
tl1an the other two sites (p<0.05). The 1932 site had 
the highest abundance, but this fell just outside the 
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Figure 9. Ten-day means per replicate (n=8) for Acarina 
in the three study sites. Within-site standard errors shown 
as bars above the means. 
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Figure 10. Ten-day means per replicate (n=B) for 
Araneae in the three study sites. Within-site standard 
errors shown as bars above the means. 

0.05 level of significance (0.0S<p<0.07). Abundances 
in all sites were lowest in winter but rose dwfog spring. 
Peak abundances va1ied between sites, giving a 
sign ificant months/sites interaction effect (F=5.6, 
p<0.001 ), with the 1932 site clearly having the greatest 
abundance in spring. More detailed analyses of tl1e 
spider data are given below. 

Numbers oflsoptera were borderline for statistical 
analysis, but strong seasonal effects were apparent 
(F=32.0, p<0.001 ). This taxon was absent from the 
pitfall samples during May and July but numbers rose i.n 
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ovembcr and remained consistently high throughout 
summer (Fig. 11 ). Site differences were not apparent, 
although tl1e i.nteraction between montl1s and sites 
proved to be hjghly significant (F=5.0, p<0.001) witl1 
the 1932 and 1940 sites peaking in Februai11 and tl1c 
1965 sin: pcaking in ovembcr. 

Strong seasonal trends werc also apparent for 
Hemiptcra (F=32.0, p<0.001), witl1 nllmbers peaking 
in September (Fig. 12 ). Althollgh all thrcc sitcs werc 
consistent in their Septembcr peak, abundanccs 
remained higher in the 1940 and 1965 sites during the 

ovcmbcr and J;111uary samplcs. Thcsc difl:crcnt 
rcsponses revcalcd a highly significant intcraction effect 
between months and sites (F=5.0, p<0.001), despite 
thcrc being 110 significant site diffcrences. 

Colcoptcra adlllts showed highly significant scasonal 
trends (F=44.2, p<0.001). Numbers werc highest in 

eptember and lowest in January (Fig. 13). itc 
differences were not apparent for this taxon. Therc was 
however, a significant intcr;1.ctio11 betwcen montl1s and 
siccs (F=6.l, p<0.001 ), rhere being a considerable 
ditlcrcnce in numbers 61:Lwccn the 1940 ,\Jld 1965 sites 
in thc July sample. 

Diptcra adults showed seasonal and site effects 
(F=38.7, p<0.001; = 12.8, p<0.05; respectively). 
Abundance was greatest during spring and lowest 
during aurunm and winter (Fig-. 14). 'chcffi: tcst5 
rcve:1lcd that numbers were igniticantly lower in the 
1940 site. A igniticant interaction cffcct between 
months and sites was also apparent (F=5. l, p<0.00 I), 
the 1932 site peaking in abundance in t:ptcmbcr, and 
the 1940 and 1965 sires peaking in ovember. 

Formicidae abundance showed vuy strong 
sea onalit}' (f=l47.4, p<0.001). Numbers captured 
were greatest during Febru:1ry and lowest during July 
(Fig. I 5 ). The I 965 site was consistently lower in ant 
;ilmndance than the other two sites for all but the 
Febrnary sample, when numbers peaked above the 
other two sites. This was reflected in the significant 
interaction effect between sites and months (F=3.2, 
p<0.01). Site preferences were also shown by this taxon 
(F=l0.2, p<0.05), the 1940 site having a significantly 
higher abundance tl1an the otl1er two sites. Within-site 
differences were also apparent (F=4.3, p<0.01), 
indicating that localized effects within each site were 
influencing captures. 

Seasonal effects were also apparent for 
Hymcnoptera, excluding the Formicidae (F=26.2, 
p<0.001) with the lowest numbers being recorded in 
the May, July, and September samplcs (Fig. 16). o 
significant site differences were found, although thcre 
was a significant interaction between months and site 
(F=4.6, p<0.001) indicating that numbt:r fluctuated 
markedly between sitcs at different sample times. 

A summary of tl1c seasonal and site trends revealed 
by analysis of variance on tl1e transformed Jog data is 
shown in Tables 2 and 3. Table 4 provides a list oftl1e 
principal invertebrate groups trapped, tl1eir 01aiJ1 food 
source, the season tl1ey peaked in abundance, and ilieii­
site preferences. 
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Figure 14. Ten-day means per replicate (n=8) for Diptera 
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TABLE 2 

Means and slandard errors of invertebrate abundances per 
replicate according ta month. The data ore compared using 
log lineoranolysisofvoriance; ***P<0.001; NA, nor 
analysed. 

TAXON MONTH 

Moy '88 Jul '88 Sep '88 Nov '88 Jon '89 Feb '89 

X S.E. x S.E. x S.E. X S.E. X SE X S.E

Annelida 0.00 10.001 0.4 2 10.181 0.00 10.00) 0.00 (0.001 0.00 10.001 0.00 (0.001 NA 
Amchnida 

Scorpionida 0.04 10.041 0.00 (0001 0.04 10.041 0.38 10.131 1.08 (0.29) 0.50 10.181 NA 
Pseudoscorpionida 0.00 10.001 000 10001 0.04 10.041 0.04 10.041 0.00 (0.00) 0.00 (0.001 NA 
Opiliones 0.08 10.061 188 I0.45) 0.42 10. 1 51 000 (0.001 0.00 10001 0,00 (0.001 NA 
Acarina 2.46 10.52) 2.29 10461 19.08 13.521 26.21 (2,661 40.46 13.78 23.67 12.321 .. * 
Aroneae 8.13 11.271 5.00 (0.471 20.21 12 961 15.54 11.46) 12.96 (0.79) 12.46 10 801 •** 

Cruslacea lsopodo 0.42 (0. 51 0.17 (0.10) 0.33 {0. 1 21 .04 (0.31) 1.50 (0.39) 3 29 (0621 NA 
Diplopoda 1.33 (0.33) 0.67 10.181 1 .75 (0.471 0.00 (0.00) 0.42 10.12) 0.42 I0.13)NA 
Chilopoda 0.17 (0.10) 0.04 10.04) 0.29 (0.141 0.21 10101 0. 1 7 10,081 0.17 (0.081 NA 
lnsecla 

Thysanura 0.00 10.001 0.00 (0.001 0.25 10.091 0.88 (0.18) I 46 10.36) 0.58 10.131 A 
Blollodeo 0,04 10.041 0.13 (0.091 0.00 10.001 0.42 (0,17) 1.08 (0.24) 0.92 10 221 NA 
Manlodea 0.00 (0.00) 0.00 (0.00) 0.04 (0.0'11 0.00 (0.00) 0.04 10.04) 0.13 10.071 NA 
lsaplera 0.00 (0.00) 0.00 (000) 0.29 10.111 746 (1.951 7.38 12.321 1 3 42 13 .791 * * * 
Dermaplera 0.46 10 171 0.50 (0 121 0.79 10 231 0.38 10. 1 51 0.33 10.14) 0.71 (0.181NA 
Or1hoplero 1.42 10.211 1.21 10.28 1 2.42 (0.481 2.17 (0.37) 1.83 (0.251 2.13 10.301 NA 
Phasrnalodea 0.13 10.071 0.00 (0.001 0.00 (0.001 0.00 (000) 004 (0041 0.04 10 041 NA 
Psocoplera 0.08 (0.081 0.00 10.00) 0.17 10 101 0.08 10.06) 0.38 10.20) 0.04 10 041 NA 
Hemiplero 1.58 (0,281 4.88 (1 56) 13.58 (1 251 10,.<16 11 271 5.79 10,641 7.75 10.611 '** 
Thysonoplero 0.04 I0.041 0.08 (0.061 1.13 {0.261 9.63 11,641 0.50 10.15) 0.42 I0.121NA 
Neuraplero aduhs 0.00 10.001 0.00 10.001 0.00 10.001 004 (0,04) 017 (0.10) 0.00 10.00) NA 
Neuroplero laivae 0.04 10.041 0.00 (0.00) 0.08 (0.061 0.00 (0.00) 000 (0.00) 0.00 10001 NA 
Coleoplera aduhs 24.42 (2,631 23.50 (2.771 62.88 (7.471 17.75 (2.3 1 1 3.83 (0.54) 8.92 11.59) ... 
Coleoplera larvae 2.13 {0441 I 75 (0.451 1.75 (0.451 0.17 (0081 0.25 (0 12) 0 25 I0. I IINA 
Dipiero adults 9.21 (1.04) 8.71 (1.531 31.29 (4.081 32.50 (3,041 21.17 (3.30) 12.54 11.031 • ** 
Dipiero laivae 0.83 10 251 0.25 (0.12) 0.29 [0.131 2.92 (2.921 0.00 (0.00) 0.42 (0.18)NA 
lepidoplera aduhs 0.04 (0.041 0.25 10.111 0.83 (0.291 1. 1 7 10 251 0.63 (0.241 0.29 10.13INA 
lepidaplera larvae 0.54 10, 1 5) 0.54 10191 0.38 (0161 0.21 10,08) 0.08 10 08) 017 {0.10) NA 
Hymenoplera anls 35.92 14.16) 16.83 12 511 80.08 18 181 1 88.88 (35 00) 250.96 (43.201 450.88 174.581 • 9

• 

Hymenaplem others 6.79 (1 00) 9.08 (1 291 6.38 10 881 22.71 12001 13.88 11 131 20 50 (2,321 • •' 

Total inverlebrales 96.29 17 221 78.42 (5.79) 244.79 (13.46) 341.21 136 87) 366.38 146.431 560.58 (73 921 ... 

Talol inverlebrales 
(excluding anlsl 60.38 (4.821 61 58 (4.54) 164.7 1 112.661 152.33 16.511115.4 2 (6.891 109.71 15.721 ... 
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TABLE 3 

Means and standard errors of invertebrate abundances per 
replicate according to site. The data ore compared using 
log linear analysis of variance; *P<0.05; NS, not 
significant; NA, not analysed; # denotes significant 
differences between grids nested within sites, P<0.05. 

TAXON 

1932 

x S.E. 

Annelida 0.04 (0.031 
Asachnida 

Scorpionida 0.38 10.111 
Pseudoscorpionida 0.00 10.001 
Opiliones 0.44 10.141 
Acorino 20.85 12.791 
Aroneoe 16.88 11.741 

Cruslaceo lsopoda 1.33 10.26) 
Diplopoda 1.06 10.24) 
Chilopoda 0.27 10.09) 
lnsecla 

Thysanuro 0.38 (0.10) 
Blallodea 0.65 (0.151 
Manlodeo 0.02 (0.02) 
lsoptero 3.10 (0.84) 
Dermaptera 0.69 (0.12} 
Orlhoplera 1.71 10.221 
Phasmotodea 0.04 10.03) 
Psocoplero 0.06 10.051 
Hemiplero 6.69 1092) 
Thysonoplero 2.15 10.731 
Neuroplero oduhs 0.00 (0.001 

europfera larvae 0.02 10.021 
Coleoplero aduhs 22.85 13.511 
Coleoplera larvae 1.75 (0.321 
Dipiero aduhs 24.67 (2.961 
Dipiero larvae 0.60 (0.16) 
Lepidoplero adults 0.33 10.09) 
Lepidoplero larvae 0.25 10.08) 
Hymenoplera onls 108.40 115.681 
Hymenoplero olhers 13.46 11.631 

Total invertebrates 229.08 120.651 

Tolal invertebrates 
!excluding ants) 120.69 (9.72) 

SITE 

1940 

x S.E. 

0.02 10.02) 

0.25 10.12) 
0.01 10.01) 
0.60 10.25) 

1 9.69 12.84) 
8.69 10.72) 
1.81 10.37) 
1.04 10.22) 
0.10 10.04) 

0.42 (0.111 
0.33 (0.101 
0.04 {0.031 
7.25 (2.291 
0.29 (0,071 

2.58 {0.281 
0.04 (0.031 
0.25 (0.111 
7.52 (0.78) 
0.96 (0.26) 
0. 1 0 (0.50) 
0.02 10.021 

22.50 (3.00) 
1.00 10.18) 

13.10 11.20) 
1.58 11.46) 
0.96 10.22) 
0.38 10.12) 

255.75 j35. J l) 

13.79 11.56) 

361.10 138.87) 

98.22 18.661 

1965 

x 

0.15 

0.40 
0.00 
0.15 

19.03 

11.58 

0.23 
0.19 
0.15 

0.79 
0.31 
0.04 
3.92 

0.60 
1.29 
0.02 
0.06 
7,81 
2.79 
0.00 
0.02 

22.29 
0.52 

19.94 
0.17 
0.31 
0.33 

147.63 
12.42 

253.65 

109.42 

S.E. 

10.091 NA 

10.131NA 
(0.001 NA 
10.05) NA 
{1.53) NS 
{0.83) * 
(0.07) NA 
10.06) NA 
10.05) NA 

{0.20) NA 
(0.1 llNA 
I0.03INA 
(l.13INS 
10.15INA 

10.151NA 
10.021 NA 
10.051 NA 
ll.04INS
10.901 NA 
10.001 NA 
10.021 NA 

14.591 NS
(0.161NA

12.161 *
10.061 NA
10.081 NA 
10.091 NA 

143.04) *# 
11.00INS 

143.32) NS# 

15.31) NS 
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TABLE 4 

Principal groups of invertebrates showing feeding habits, 
main peak in occurrence and site preferences. 1 0 = Order, 
F. = Family: 2N.P. = No Preference.

ClASS TAXON 1 FEEDING 
HABITS 

Arachnida O.Acorina Various 

Arachnida 0.Araneae Predators 

lnsecta O.lsoptero Wood and grass 
feeders 

lnsecla O.Hemiptera Sap suckers 

lnsecla O.Caleoplera Various 
(adults!

lnseclo O.Diplera Various 
(aduhsl

lnsecla O.Hymenoplero Predators, nectar 
F. Formicidoe and seed feeders 

lnsecta O.Hymenoptero Neclor feeders 
(excluding
formicidael

Spiders 

The dt:ndrogram created from Hiernn:hical 
Classification Analysis (HCA) on spider 
presence/absence data using the avernge-linbge 
method is shown in Figur<:: 17. The 1932 September 
sample was included in the original analysis but is not 
shown on the dendrogram as it was markedly different 
from the oth<::r month/site combinations and caused 
compaction of the groups. The classification was 
truncated at the seven-group level because dichotomies 
beyond this kvcl were fragmentary and contributed 
little to further understanding. 

HCA grouped spider communities in rcl:ition to 
rime of sampling rather than in relation to sites, The 
three kwongan sites had similar spider species 
composition during ;111tumn and winter, bur revealed 
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MAIN PEAK SITE 
IN OCCURRENCE CHARACTERISTICS2

Lale spring, N.P. 
summer 

Spring Low in 1940 sile 
high in 1932 site 

late Spring, summer N.P. 

Spring N.P. 

Spring N.P. 

Spring Low in 1940 sile 

Summer High in 1940 site 

Lale spring. summer NP 

different community structure in .�pring ;llld summer. 
These ditforences were particularly marked for the 1932 
sire during September (nor shown) and ovcmber. 

1 able 5 provides a summary of the p;1rameters of the 
spider fauna measured during the study. The number of 
individuals and species richness showed general peaks in 
spring with minimal values occurring in winter for all 
sites. Diversity was gcneraJly higher in late spring and 
summer. Overall, total numbt:rs of spiders, specie 
richness, and diversity were greatest in the 1932 site for 
the September to January samples. 

Table 6 shows the tata-1 number of individual spiders 
according to family for each site and ampling period. 

o statistical analyses were conducted on these dat:i.
However, the more abundant families (notably the 
Clubionidae, Gnaphosidae, Salticid;1e, and Theridiidac) 
do show site :llld season:t! differences. 
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Figure 17. Dendrogram o
f 

sample groupings using 
Hierarchical Classification Analysis based on spider 
presence/absence data. 

TABLE 5 

Spider fauna parameters for the three s
i

tes for each sample 
period. 

MONTH 

Moy '88 July '88 Sep '88 Nov '88 Jon '89 Feb '89 

PARAMETER 

NUMBER OF 

INDIVIDUALS 

1932 67 50 294 182 112 105 
1940 91 37 67 92 94 96 
1 965 37 33 124 99 105 98 

SPECIES 
RICHNESS {SI 

1 932 12 12 37 32 31 31 
1940 17 14 15 23 26 25 
1965 22 14 27 26 25 22 

DIVERSITY IHI 

1932 2. 092 2. 027 2.718 2.832 2.977 2.853 
1940 2. 586 2. 059 2.044 2.586 2.582 2.874 
1965 2.249 2.391 2. 653 2.762 2.560 2.369 

EVENNESS U'I 

1932 0. 842 0. 816 0.753 0.817 0. 867 0.831 
1940 0. 913 0.780 0.755 0. 824 0.792 0.893 
1965 0.728 0. 906 0.805 0. 848 0.795 0.767 

TABLE 6 

T otol number of spider individuals trapped according to 
family, site and sample period. 

MONTH 

Moy '88 Jul '88 Sep '88 Nov '88 Jon '89 Feb '89 

FAMILY 

ARANEIDAE 

1932 2 0 28 7 3 3 
1940 3 2 18 2 3 9 
1965 6 0 15 10 6 4 

CLUBIONIDAE 

1932 22 23 95 25 21 24 
1940 3 4 18 19 18 5 
1965 28 12 41 18 27 9 

CTENIZIDAE 

1932 8 9 3 l 0 0 
1940 10 12 0 0 0 4 
1965 9 6 0 0 2 0 

GNAPHOSIDAE 

1932 9 4 114 119 57 59 
1940 3 16 26 59 47 57 
1965 8 9 61 62 59 73 

SAlTICIDAE 

1932 0 l 30 18 18 11 
1940 2 0 4 3 13 10 
1965 0 l 3 7 8 8 

THER ICIDAE 

1932 22 13 10 0 0 0 
1940 7 1 l 0 1 0 
1965 42 4 l 1 1 

THOMISIDAE 

1932 1 0 2 1 5 2 
1940 1 1 0 1 1 
1965 2 0 0 0 0 0 

ZODARIIDAE 

1932 0 0 2 8 4 
1940 0 0 0 5 7 
1965 0 0 0 0 2 
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DISCUSSION 

The major finding of this 'tudy was that invertebrate 
populations were si mi lar for all three si tes,  i mp ly ing that 
site history is  not a ffecti ng invertebrate fu una 
composition in the longer term . Abu ndance d iffe re nces 
were found  for ·p idcrs,  fl i es ,  and ants, however, and 
these appear to be closely re lated tO d ifkrcnces in 
florist ic composi tion a nd l i tter cove r between  sites . 

e i ther plant species richness nor floristic 
composit ion appear to be related to t ime s ince fire . 
Al though a l l  three si tes were si mi l a r  i n  terms of their 
pla n e  spec ies r ic h ness, the 1 940 site showed a d ifferent 
p lan t Aoristic composit ion . Th is Sl 1 pports the findings 
of Brown and Hopki ns ( 1 98 3 )  who fou nd that only a 
very sma l l  percentage of Aorist ic variabil ity i n  kwongan 
cou ld be attributed to ti me si nce fi re .  H owever, Brown 
and Hopkins ( 1 983)  a lso suggested that flori st ic  
d iftc rc.: nces we re possi b ly  l i n ked to d iffc renn:s i n  soi l 
type. I n  this study soi l  types we re consistent for a l l  t hree 
si cs ;rnd no di ffe re nces were fou nd in coarse soil fa bri, 
wmposi tion .  Difh:re nces in soil che m ical propert ies, 
however were not assessed . Hen,e ,  the d i ffere n t  
floristic composition o f  t h e  1 940 site ap pears t o  be 
related to envi ron mental di fferences which we re beyond 
the scope of this study .  

The prese1Ke of a h igh l i tter cover a nd an 
abu ndance of woody l i tter at the 1 93 2  s i te may be a 
rest 1 l t  of long- term tire exclu s ion from this a rea . f n  his 
study of lfanhia woodbnd, Bam ford ( 1 9 8 6 )  f ou nd thar 
t he  l i t te r  l ayer bcG1me more structur:i l ly  com p lex rhe 
g;re;i ter t he t i me ;1 frer l i re .  The l i r rer byer of rhe 1 93 2  
s i t · ,  howe ve r,  a lso appears to b e  i n f l uenced b y  th,  
prese n,e of e mergen t  shcm1ks ( A ll11c1wmri1111 
hucgcliana) . This a,co u n ts for the h igh abu nd:rnce of 
w ody l i t ter ( 5 - J 0 mm d iamete r )  recorded at this s ite . 
The 1 9 32 si te is only about 4 ha and is endosed by 
sheoak woodland whereas the 1 940 and 1 965 i ces arc 
larger ( each about 1 0  ha )  and bordered by wa ndoo 
( fa,.calyptus 1 11andoo) on one side wi th sheoak on rhe 
other. The size and location of the 1 9 3 2  si te in relation 
to the surrounding woodland areas, and the pro longed 
absence of fire at this site, appear to be favouri ng the 
encroach ment  of sheoaks into the kwong:111 , thus 
affecti ng the tructura l  com posit ion of the litter layer .  

Influence of Fire on Ants, Flies, and 
Spiders 

The abundance of ants clid not appear to t e consistently 
infl uenced by fire h istory . Majer ( 1 978b)  made sim ilar 
observations based on a s tu dy of d ifferent land- use 
types at Dwcll ingu p ,  WA. The higher abundance of 
ants in the 1 940 site may be related to tl1is site 's  
diftcrcnt floristic composition , or again, to 
environmental factors which were beyond tl1e scope of 
tl1is srudy .  Higher captures in tl1e 1 940 site may also be 
related to the presence of ooe or two numerically 
dominant species, though an analysis of ants at a species 

1 6  

CALMSc i ence 

level was beyond the scope of this study . 
By contrast, t11e abundanct:s of spiders and flies were 

s ignifica ntly lower at tl1e 1 940 s ite . The low a b u ndance 
of spider · appears to be re lated to l i tter d ifferences and 
th is i addressed below . I t  is un usua l ,  however, that tl1e 
pi tfal l  s:rn1pl i ng method (de igm:d to effectively sample 
only the epigae ic invertebrate fauna ) shou ld capture 
enough A ies to idc nt if)1 a stati t ica l ly  ign i ficant 
d ifference between sites. The lowe r abu ndan,e of fl ies 
in the 1 940 s i te may be related to the greater wi t l , i n ­
site varia b i l ity i n  floristic composit ion . However, more 
detai led vegetation and inverte brate data, usi n g  a 
variety of sam pl ing techn iques,  wo u ld be req u ired to 
su bstan t iate this explanat ion .  

Spider abund.rn,e, spcde ric hness and  d iversity a l l  
iden tified the  1 932 i te as be ing  ma rked ly d i fferent 
from the other two ites, partirn larly  d u ri n g  spri ng 
( eptember ,  Novemlxr ) .  These c haractcristi<:s of the 
spider  fa una  may be re lated to the h igh cover and  
variabi l i ty of l i tter and the <.:cotonal n ;l turc of  th i s  s ite 
wh ich al lows spider ' represen tat ive of both kwonga n 
:1 11d sheoak to exist . The lat ter eHi.:ct may arise th rough 
the presence of emergent sheoaks wi thin the kwongan, 
wh id1 enable the spiders to ,ast webs and forage over a 
greater area than i n  the  ot her two sites.  The sheoaks 
a lso shade the ground,  redu cing d es i"at ion and hence 
faci l i tat i ng foraging and migr;1 t io11 . They may also be 
i n fl ue 1 11: i ng die strucni ra l  d ive rs i ty  of the l i tter  laye r ( by 
d ropping br:1 1 1d1cs and twigs ) ,  thereby p rovid ing th is  
s i te wi th  a greater array of m i crohabi tats . 

Scope and Limitations of the Study 

Li m i t;1 t ions i n  the p i t fal l  sampl ing cc h n ique have been 
out l ined by severa l  authors (Sou thwood 1 978;  Adi
1 9 79 ;  Majer 1 98 1  ). [ i tfal l  tr.1ps sample epigaeic
invertebrates on ly and show a bias towards the more
mobi le ta,xa  (Majer 1 98 1  ) .  I n  t l1 is study, the dominance
of a nts in pitfu l l  cap tures highlights th is bias. Anotl,c r
c ri tic ism of the pitfa l l  trapping method is that  activity,
;1s me;1s1 1 red by the t raps, may not necessari ly reflect
abu ndance (Soutl,wood 1978;  Majer 1 9 8 1 ) . In the case 
of a nts, su rfa,e ac tivi ty peaked i n  su mme[ as revealed by 
the large n u mber of ants captured d ur ing th is  ti me.
H owever, d u ring  winter and a u t u m n  when captu res
were low, large n u m bers may st i l l  have been present ar
tl1e nests. The proxi m ity of pitfall  traps to an nests wa
also not a essed and  t his m ay h;1ve contribu ted to tl1e
sign ificant difference in  ant abu ndance between  grids
nested within s ites, as wel l  as poss ib ly influ en,ing site
preferences . Given t l1ese l imi tations in the p itfall  trap
sa mpling method , site and seasona l  d ifferences in
abu ndances of ant and total inverte brates ( including
Formicidac )  need to be considered cautiously.

A further l im itation of this study is  that the season 
of bum and fire inte nsity arc unknown for eac h  of the 
si tes . Weatl1er at the ti me of the bmn greatly influences 
fire intensity .  Furthermore , as Hobbs and Atkins 
( 198 8 )  note, most woodland and shrub communities 
vaty greatly in theix array of standing vegetation and 



htter composition. Weather and variability in fuel 
quantity and distribution combine to cause a high 
degree of spatial variation in fire in tensity, but no data 
on these factors were available for this study. 

To date, studies of invertebrate populations in the 
drier areas of Australia have been minimal,  with the 
exception of Greenslade ( 1979, 1 9 8 1 ), Edmonds and 
Specht ( 1 9 8 1 ) , and Majer ( 198 5 ) .  There have also been 
no reported invertebrate community studies conducted 
in kwongan vegetation. A critical examination of the 
results of this study in the light of other research is 
therefore limited . Given these comparison limitations, 
th.is paper should be viewed as identifying areas where a 
considerable amount of research is still required. 

This study uti lized space-for-time substitution 
( SFT) to examine successional aspects of invertebrate 
community su·ucture in semi-arid vegetation . Though 
limited in its ability to address disturbance ecology 
questions ( Pickett 1989),  SFT is of considerable value 
when carried out in conj unction with longer- term 
experimental studies . It is anticipated that this sn1dy will 
serve as a basel ine for longer- term work at Tutanning 
examining the effects of prescribed burning on 
invertebrate (and vertebrate ) commu nities.  

CONCLUSIONS 

Invertebrate populations peaked during spring, and 
were lowest during late autumn and early winter. The 
soil and litter invertebrate populations were very similar 
for all three sites and showed no evidence of long-term 
disturbance effects . 

Ant abundance was highest in the 1 940 site and this 
was possibly related to a different floristic composition 
at this site. Th.is difference in floristic composition 
appeared to be related to environmental factors beyond 
the scope of this study. 

The 1 932 site showed a higher abundance and 
different community structure of spiders during sp1ing. 
This was attributed to leaf litter cover and woody litter 
abundance provicling an array of microhabitats, the 
presence of emergent sheoaks providing a wider 
foraging area, and the proximity of the kwongan to 
neighbouring sheoak woodland .  

Leaf litter cover and woody l itter abundance was 
greatest in the 1932 site . This site also showed the 
greatest variabi L i  ty in leaf litter cover. These l itter 
characteristics appear related to both time since fire and 
the presence of emergent sheoaks. 
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Estimated fuel savings for a passive 
solar timber drying kiln in Australia 

Science and Information Division, Department of Conservation and 
Land Management, Wood Utilisation Research Centre, Harvey 6220, 
Western Austrnlia. 

ABSTRACT 

The fuel savings of a solar kiln with supplemental 
heating, compared with a conventional kiln (fossil fuel 
heating only) running the same di)'ing schedule, were 
estimated for 30 sites around Australia, using 
regressions developed by Tschernitz (1986). The 
annual fuel savings varied from a low of 2 per cent at 
Hobart to a high of 38 per cent at Da1win for a 22 m3 

capacity kiln. By simulated addition of extra insulation 
(R=l.76) to the transparent surfaces at night-time, the 
annual fuel savings increased to 28 per cent and 56 per 
cent for Hobart and Da1win, respectively. Fuel savings 
for a solar kiln of84m1 capacity were similar. In 
general, fuel savings for the lower southern parts of 
Australia were of no practical use for sola.1· kilns without 
extra night-time insulation. Kilns in lower southern 
parts with extra night-time insulation, or kilns of either 
type in the remainder of Australia, had estimated fuel 
savings which were of practical significance. As an 
example in evaluating the sign ificance of solar kilns, an 
84 m3 solar kiln with extra night-time insuJation was 
estimated to save $26 050 in electricity or $10 357 in 
gas heating annually in Perth. The same solar kiln was 
also estimated to reduce CO2 emissions by 41 tonnes 
annually when heating with gas. 

INTRODUCTION 

In recent times CALM has received an increasing 
number of enquiries for solar kilns from timber 
producers in Western Australia, the eastern states of 
Australia, and Fiji. Three sawmiUers in W.A. are now 
using CALM solar assisted kilns operationally to dry 
hardwoods, and three more are considering them. One 
sawmiller is performing operational trials upon 
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softwood. The managers of these sawmill firms were 
able to see the solar kilns at d1e Wood Utilisation 
Researd1 Centre, Harvey and assesss their performance 
first hand. With enquiries coming from further a.field it 
is increasingly difficult to estimate performance because 
of the different climates involved. 

The pedormance of solar kilns has been measured 
by several resea1·chers in various locations around the 
wodd (Little 1984; Simpson and Tschemjtz 1989), but 
the i nformation available to date is insufficient to make 
generalizations upon new sites or new kiln designs. One 
measw-e of performance for a kiln which has 
supplemental heating is the proportion of heat provided 
by sola.1· radiation (the solar fraction). In Sri Lanka a 
sola.1· kiln with a timber capacity of 16m3 with a wood 
fired burner had a solar fraction of 48 per cent during 
the dry season (Simpson and Tschernitz 1989). 
Measurements of a la1·ge commercial kiln in Mississippi, 
U.S.A. with l.05m2 of water solar collectors per m3 of 
kiln capacity revealed a 22 per cent solar fraction over 6 
months (Little 1984). Other performance ratings, such 
as drying efficiency, also have large ranges (Plumptre 
1985). 

We needed a study of possible solar contribution to 
the heat requirements of a kiln which would give at 
least a performance comparison between Harvey and 
other locations around Australia. This study is based 
primarily upon the work ofTscher nitz (1986) where 
regressions between fuel savings and climatic conditions 
were developed from detailed heat Joad calculations for 
nine U.S.A. locations. Ald10ugh these regressions were 
derived for only two kiln designs, one species 
( commercial red oak (Quercus sp.) ), one tllic.koess 
(25 mm) and are theoretically based, they can be used 
as a first approximation for solar kiln pe1formance or 
inter-site comparisons. 

The efficiency or performance of a solar kiln was 
stated by Plumptre (1985) to depend upon: 
1. Latitude.
2. Climate-temperature, humidity and insolation.
3. Initial and final moisture contents of the charge.
4. Species and permeability of the timber.
5. Thickness of timber, size of stickers and shape of

stack.
6. Design of kiln.
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One other factor th.is author wou ld also consider is :  
7 . Drying schedule

Wi th th is multitude of factors it  is very d i fficul t  to
esti mate the performance of a solar ki l n  for a particu lar 
ope ration and location . As stated previously,  this stu dy 
is  based largely on the methods ofTschernitz  ( 1 986), 
,md atte mpts t o  reduce the complexity of the 
performance question by esti mat ing ki l n  fu el  savings, 
knowing the c l imate and lat itude of the location . The 
esti mates arc performed for Lwo ·pcc itic  ki l n  des igns,  
whi le  keepi n g  factors 3 ,  4 ,  5 and 7 constan t .  

SITES AND CLIMATIC DATA 

Th i rty s ites around Austra l i a  were chosen to give a 
broad coverage of areas that possess e xisting timber 
resource and for which suHicient c l imatic data were 
ava i lab le .  A fi.:w s i tes th,\t arc remote from log 
prod uction forests were i nc l uckd to ,1 l low i n terpolat ion .  
Other  i tes can be eval uated wi th  the procedure 
desc ri bed below if sutlic ient  c l inuti  d a ta a rc 
ava i l able 1 .

Three cl imatic fa tors we re used in this s udy:  mean 
montb!y val ues of total solar radiat ion , absol u te 
h u m idity and te mperatu re .  The ·c cl i m at ic factors we re 
nor ;wai l .1bk for a . u fl-ic icnt  number of regional si tes 
;l l ld thus  esti mat ion techn iq ues were used from rhc  
av,l i l ablc data to  al low inc l us ion o f  some s i t e s  i n  th i s  
swd y. Mean  1110 1 1  h l y  min i m u m  a n d  maxi m u m  
te rnper,ll' u rcs we re av,1 i lab le  f o r  ,i l l  si res,  a n d  t he i r  
a ri thmet·i c mc;1n w,1s uscd :1s the mean mon r h l y  
·e m pcr;1 t u 1-c of he si t e .

Where solar radiat ion da ta  is  nol  ava i l able i l  i s  
com monly e · t imatcd from the mean monthly sunsh i n e  
hours usi ng the mod i fied Angstrom equation ( Reddy 
1 98 7 ) :  

where Fi : mean monthly solar rad iation o n  a 
horizontal su rface 

R0 = mean monthly extraterrestrial radiat ion for 
the si te 

a, b = empi rical constants for the site 
n = mean monthly hours of bright sunshine 
N = mean monthly maximum of bright 

sunshine hours ( i .e .  the day length of the 
average day of the month ) 

Day length and exn-aterrestrial radiation are calcu lated 
from the lati tude as described by Reddy ( 1 98 7 ) .  

There are several ways of using th.is modified 
Angstrom eq uation; which are differentiated by the 
teclmique used to estimate the empirical constants. One 
may estimate the coefficients from world-wide 
correlations ( Samuel 1 99 1 ) or use coefficients from a 
nearby site with a similar climate .  The accuracy of 
estimates from nearby sires has been questioned by 
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Reddy ( 1987)  and Duffie and Beckman ( 1 99 1 ). Duffie 
and Beckman ( 1 99 1 )  gave an example of esti mating 
Madison 's  solar radiation from constants from the 
nearest meteorological station ( Blue  H il l ) ,  result ing in a 
2 2  per cent d i screpancy from the yearly average solar 
radiation measured at Madison .  Even with this known 
inacc u racy the mod ified Angstrom cquario.n is usefu l 
bemu se of the sparse ness of solar radiation data .  

l nir i ,1 l ly rhc intention i n  t h i s  study was t o  use
constants de r ived at each capi tal  city for other  'i tcs in 
the State . This method was rejected bccau c the 
re lat ionsh ips were not available i n  he l i teratu re and 
pai red mont h l y  va l u es of solar radiation and bright 
su nshine hours were not readi ly  ava i la ble .  It  was 
decided to use rhc next best :  mean e mpirical constants 
derived from six Austra l ian si tes over eight to fi fteen 
years ( Hol tnam l 969 ) .  The mean empiric,, ! constants 
from that Austra l ian  stu dy ( 0 .27 and 0 . 50 for a and b, 
respectively) ,  were applied to the 1 3  si re where on ly  
su nshine h ours data were avai lable (Appendi x 1 ) .  

Most sires chosen for  this study had mean month ly 
relative humidi ty  va lues at 9 a . m .  and 3 p . m .  on ly . The 
ari t h m et ic mean of these rwo val ltcs is  not necessari ly 
the true da i ly  mean . Erbs ct ni. ( l 98 5 ) described the 
d i urnal  fl uctuation of re l ative h u mid ity of nine United 
Stares locations as a Fo urie r  series :  

R H,,= R H,rtA( 0 .4672cos( t '-0 .666 ) 
+0 .095 8 cos( 2 t'-3 .484 )+0 .0 l 9Scos( 3 t'-4 . I 47 )
+0 .0 l 47cos( 4 t'-0 .4S2 ) )

when.: /U-I,, = mea n mont h l y re l a t ive h ll m i d i t y  a t  c1 
part icu lar  hour of the d ay 

RH, = mean monthly re la tive h ll midity f r a l l  
hours of the day 

A = mean monthly ampl itude of relative 
hum idity 

t' = d imension less t ime 
= 21t( t-l )/24

OR expressed as 

where j,' = t ime factor ar hou r t 
= 0 .4672cos( t'-0 .666 ) 

+0 .09 5 8cos( 2 t'-3 .484)
+0 . 0 1 9 5cos( 3 t'-4. 1 47 )
+0 . 0 1 4 7cos( 4 t'-0 .4 52 ) 

( I )

By eval uating equ ation ( 1 )  for the tvm t i mes of the day 
one obtains : 

RH,, = RH,+  J:, A
RHn. = RH,+  f,, A 

( 2 )  
( 3 )  

' Smoo!hed, inlerpolo ed dole may be generated for ony Ausuol ion sile by 
lhe ESOCUM package lovoiloble from the Ce re for Resources ond 
Environmenlol Srudies ,  Aus!rolion Notional Univers ity! . 



By substituting equation ( 3 )  into ( 2 )  and rearranging
one obtains ao equation for the monthly mean :

RH = ( R H  _f,, RH. )/( l-f,1
) (4),I t l  

la (2 f,l 

OR RH, = ( RH, + 0.246RH, 5 )/l .246 ( 5 )

where J,1 = fi = 0 . 1 28
fa = /is = -0 .520

Equation (5 )  was used to estimate the mean
monthly relative humidity for those sites where the local
time was equivalent to solar time . It is solar time upon
which the diurnal variation of relat ive humidity is
dependent. Where the local time differed by 1 5  mins or
more from solar t ime the time factors were evaluated
with the true solar time entered into equation (4) .  o
compensation was made for the relatively recent and
irregular 'dayl ight saving' practice (where local time is
brought forward an hour in some States during
summer) .  Fina.lly, the estimated mean monthly relative
humidity values were converted to absolute humidity
using ASHRAE ( 1985 ) equations .

The validity of using Erbs et  al. ( 1 98 5 )  equation was
examined by comparing relative humidity ( RH )
averaged from 3-hourly readings (Bureau of
Meteorology, 50 years of records) with those estimated
by equation ( 4 )  from two times per day for the same
period, for two sites in Australia (Table 1 ) . The
estimated mean RH for the months varied from correct
to as poor as 7 RH percentage units less than the 3 -
hourly calculated mean . Sydney was estimated better
d1an Perth (Belmont AMO), with annual RH errors of
2 and 6 RH percentage units, respectively. The
influence of d1ese changes upon d1e yearly fuel savings
(using me technique described below) was assessed for
the two sites . The foe! savings changed from 40.7 and
3 1 .9 per cent for estimated RH means to 40 .3  and 3 1 .7
per cent for d1e calculated RH means, for a 84m3 kiln
with extra night-time insulation in Perth and Sydney,
respectively. For this study where average yearly
performance is the most important outcome these
errors in the mean RH are tolerable .

The sources of  climatic data and  the various
estimation techn iques used are specified for each site in
Appendi-x 1 .

Calculation Method for Fuel Savings 

To calculate the amount of fuel saved by using a solar
kiln wiili supplemental heating, one needs to calculate
the energy demand (wood drying and heat losses) and
me energy supplied from solar heating. The ambient
weather conditions, know.ledge of ilie kiln's size and
constmction, ilic kiln's sctpoints plus the rate of drying
arc a.11 requi red for this calculation . To be very accurate
mese factors must be calculated over short time periods,
normally hourly. These calculations arc understandably
complex and time consuming, even when performed on
digital computers . Confounding d1e problem is that

each species, timber d1ickness, drying schedule , kiln size
and insulation alters the outcome . Obviously, one
needs ro simplify and select certain parameters to
reduce die calculation load.

Tschernitz ( 1 986) performed d1e energy
calculations and fuel savings for a reduced set of
combinations of kiln and od1er parameters. Specifically,
Tschcrnitz performed calculations on one species
(commercial red oak) ,  one ilikkness (25  mm) and one
drying schedule ( low temperature, 28 days long) for six
kiln sizes in nine locations in the United States of
America using a time  step of one day. The effect of
insulating me solar col lecting surfaces at night was also
calc ulated.

Fud savings in this paper are not expressed as the
amount of solar heat absorbed in d1e solar kiln because
one needs to account for the greater heat loss of me
solar kiln through me transparent surfaces (which have
lower insulation values man conventional kiln wa.lls , as
discussed below) .  The percentage of fuel saved refers to
the reduction of me beat load of a conventional kiln by
substitution with a solar kiln ;

Fuel savings = Q;Q, = Q" d;Q, Q,) x l  00 ( 6 )

where Q, = conventional heat load including Q,
Q, = electric fan power
Q, = solar kiln heat load ( i . e .  for wood drying

and heat losses )
Q� = solar gain ( i . e .  amount of energy

absorbed from solar radiation)
Q,. = net solar gain ( or loss ) = Q" -(Q, - Q,)

The theoretical kiln considered was a conventional
rectangular prism shape with solar collecting surfaces
incorporated into me structure of d1e kiln on the roof, 
north ( i . e .  converted for southern hemisphere ), east and
west walls ( Fig. 1 ) .

The thermal resistance (R value )  of the opaque slab,
opaque walls and the night-time insulated transparent
wa.lls or roof was assumed to be l . 76 m2 .K/W
(0. 1 B tu/(ft2 . J1 .°F) ) and similarly an R value of
0 .2 3 m2 . K/W (0 . 75 Bni/(ft2 . h . °F ) )  for the uninsulated,
transparent surfaces . The transparent surfaces were
assumed to have a solar transmission of 85 per cent.
The actual construction details were left to d1e kiln
builder to decide .

Although d1e collectors in this study have been
referred to as passive, they are better described as a
hybrid type because air is blown across the absorber
surface by fans, but the size and orientation of ilie
absorbers is determined by the kiln's shape. Thus the
system does not have the design freedom, nor
performance, of a kiln wi ili external collectors ( an active
system ) .

From d1e nine locations Tschernitz ( 1 986)
developed regressions .relating fuel  savings to ilic
ambient conditions ( temperature, humidity and solar
radiation ) and kiln characteristics (size and use or not of
night-time insulation) .  Thus it is now possible to
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TABLE 1 

Comparison of estimated mean relative humidity with 
calculated mean relative humidity lper cent) for two sites. 

BELMONT AMO (PERTH) 

JAN FEB /VIAR APR /VIAY JUN JUL AUG SEP OCT NOV DEC YEAR 

MEAN 53 53 56 64 72 78 78 75 72 67 61 58 66 

EST 50 50 53 61 66 71 71 68 65 61 56 53 60 

ERROR -3 -3 -3 -3 ·6 -7 -7 -7 -7 -6 -5 .5 -6 

SYDNEY 

JAN FEB /VIAR APR /VIAY JUN JUL AUG SEP OCT NOV DEC YEAR 

MEAN 71 73 73 71 71 71 67 64 64 65 67 69 69 

EST. 69 72 71 70 71 71 65 63 61 63 64 66 67 

ERROR -2 ·1 -2 -1 0 0 -2 -1 ·3 ·2 -3 -3 ·2

Meon = orithmetic mean of lhe eighi {3-hourlyl values ol RH from the Bureou ol Mereorology (%1. 
weighted mean from 9 o.r . ond 3 p.m. volues of RH from the Bureau of Meteorology 1%) using the techniql1e from E1bs el o/. 11985). Est. 
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Ab 
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absorber surface for solar radiation 
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north wall (in southern hemisphere) 
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N 

Figure 1. Theoretical kiln designs comparing the effects of 
(a) no night-time insulation and (b) with extra night­
time inst-tfation. After Tschcrnitz (1986).

predict the amount of fuel saved by using a solar kiln if 
the mean monthly values of temperature, abso!uti: 
humidity and solar radiation and the latitude are 
known. The form ofTschernicz's equation is: 

where a0-a, = coefficients for each kiln size, insulation 
and month 

22 

T = mean monthly temperature (°F) 
S = mean monthly solar radiation on a 

horizontal surface (Btu/ft:l'.day) 

CALMScience 

H = mean absolute humidity (lb water/lb ai.r) 
L = latitude (degrees) 

These regressions were used in this study to estimate 
the fuel savings for kilns with timber capa1.:ities of 22 m·' 
or 84m\ with or without night-time insulation for 
thirty locations in Austr,1lia using Equation (7). The 
mean monthly climatic vallH.:S were obtained or 
estimated as deKribed ,1bove, and the fuel savings 
calculated for each month for each of the four kiln 
size/types 1, using the coefficients derived by Tscbernitz 
(1986) (included here as Appendix 2). 

Estimated Fuel Savings 

The estimated average annual fuel savings for the four 
kiln types are presented for the south-west of Western 
Ausu-alia (Fig. 2) and for eastern Australia (Fig. 3). For 
kiln type 1 (22m', no extra night-time insulation) the 
annual fuel savings varied from a low of 2 per cent at 
Hobart to a high of 38 per cent at Darwin. For kiln 
type 3 (22 111 3, with extra night-time insulation) d1e fuel 
savings varied from 28 per cent at Hobart to 56 per 
cent at Darwin. The fuel savings of kiln types 2 and 4 
(84m' kilns, with and without extra night-time 
insulation) have similar values. The full set of climatic 
data and fuel savings a.re given in Appendix 3 for all 
diirty sites. Thus, the foci savings of a solar assisted kiln 
without extra night-time insulation is insignificant in 
d1e lower southern pa.rts of Australi.a (such as southern 
Victoria and Tasmania) wliile all otJ1er kiln types and 
locations represent fuel savings of practical significance. 

' from here on refe,red lo simply as a kiln rype. 
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Where 

Kiln 1 is 22 m' timber capacity and without night-lime insulation 
Kiln 2 is 84 m' timber capacity and without night-lime insulation 
Kiln 3 is 22 m' timber capacity but with extra night-time insulation 
Kiln 4 is 84 m' timber copocity but with exlro night-time insulation 
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Figure 2. Performance of solar assisted kilns in south-western Australia-per cent fuel savings when compared with 
non-solar lzilns. 
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Kiln 1 is 22 m' timber copocity ond without night-lime insulation 
Kiln 2 is 84 m' timber copocity ond without night-time insulation 
Kiln 3 is 22 m' limber capacity but with extro night-time insulation 
Kiln 4 is 84 m' timber capacity but with extra night-lime insulation 
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Figure 3. Performance of solar assisted kilns in eastern Aitstralia-per cent fuel savings when compared with non-solar 
kilns. 
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From Figures 2 or 3 ,  it can be clearly seen that extra 
nigh t-time insulation provides a marked improvement 
upon fuel savings . As an example, night- time i ns ulation 
for a 22 m 1 ki l n  in Perth i mproves fuel savings from 24 
per cent to 48 per cent .  

The mon thly variation of fue l  sav ings for ki ln type 1 
is lc:ss for the northern site of Brisbane compared with 
the sou d1ern site of Perth ( Fig. 4) owing to the less 
variable cl imate of Brisbane. S im i l a r  annua l  patterns arc 
revealed for ki ln type 3 ,  a l though the annua l  var iat ion is 
less and the fu el savi ngs of higher value  ( Pig .  S ) . Figu re 
4 shows the fi.ie l  savi ngs f-'or Perth d rop to a negat ive 
value  (-1 per cent ) for J u ne - a si tuation i n wh ich 
more supplementary heat is rcq u i red for a �olar ,1ssistcd 
kiln than a conven tional ki ln . This si tuat ion occurs for 
other sou thern sites in winter months for ki l n  types I 
and 2 ( i . e .  no extra nigh t-ti me insu lation )  (Appendix 3 ) .  
The larger t h e  annual  variat ion t h e  great·er t h e  req u i red 
capacity of the supplementa1y heater. 

How to Use these Estimates 

Because the est imates i n  th i s  study arc based upon 
theoretica l principles withou t veri ficat ion from actu a l  
kilns, cau tion must be exercised i n  their usage . As the  
calcu lation method is the same for al l  s ites, 
considerat ion of the differences berwct:n  sites is l i ke ly to 
be of greate r acc uracy than the accuracy uf the ,Ktu a l ,  
or  absolu te, performance values . This inference wi l l  be
of great bene fi t  when data on pe rfr)[mance of ac wal
k i l ns in Austral ia become avai lable .

For now, the esti mates c an  be used to assess the 
gcnt:ral feasibi l ity of a solar style of ki l n . Fu el s:tvi n gs i n  
dollars c a n  be estimated by: 

An n ual saving (,i )  = Per cent fuel savi ngs x annua l  
heat load x fuel price 

As an exa mple, the ann ua l  heat load for a 
conve ntional 84 nr' ki l n  ru nning the lower te mpera tu re 
solar sched u le  i n  Perth is 1 .43 x 1 0° MJ ( 1 420 MJ m-' 
of timber, derived from Tschernitz ( 1 98 6 ) ) .  The annual 
fo c i  savings for a solar ki l n  with insulat ion would be 
$26 050 1 when using electr ic heating ckments or
$ 10 3 5  7' when using  a d irect-fi red gas burner. Th is is 
equ ivalent  to a reduct ion i n  CO 2 emissions of l 76 t  or 
4 l t'1 for electrical or gas heating, respective ly .  

Stric t!)' speaking, the esti m.1 tcs provided and the 
feasi bility assessmem should only be applied to t i mber 
wh ich d ries i n  a simi lar manner to the 'commercial red 
oak' evaluated by Tschernitz ( 1 986)  and of the same 
thickness (25 111111 ) .  One may , wi th fair confidence, 
apply the above feasi bi l i ty assessment to the dryi ng of 
25 m m  boards of other species wi th a similar basic 
density to 'commcr ial red oak ( 0 . 56 kg 111 -' 

(Tschernitz and Simpson 1 979 ) ) .  I t  is logical to assume 
dtat even greater fuel savi ngs arc possible for d1icker 
boards because the solar heat will provide a greater 
proportion of d1e lower heat load ( owing to the slower 
dry ing) . 
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Implications for other Kiln Designs 

I n  design ing a solar kiln, one needs to consider how the 
advantageous featu res of the Tsche rnitz ( 1 986)  
generalized des igns  can  be  implc: m ented . To obta i n  a 
s imi l:tr performance to that est imated in th is paper one 
requ i res a n  appro x i mately eq ual area of absorber, and 
s imi lar i nsu la t ion val ues .  The roof pl us northern wal l  
absorber area for rhe 22 ;ind 84 m·' ki l n s  we re 60 and 
1 60 111\ re pectivc ly .  The thermal res ist;mce ( R) of the 
opaq ue w;1 l l s and s l ab referred to in th i s  paper was 
l .76 1112 • K.W 1 , and 0 .23 for tl1e tra nsparent roof and
wa l ls .  The opaq u e  w:1 l l  i n su l at ion va lue  cm easi ly be
ach ieved by 50 m m  of fi bregl .1ss batts ( R = 1 . 27
(ASHRA E  1989 ) )  w i th  an iJ1 ffated twin plastic ski n
( R  = 0.48 (Wong 1 977' ) ) .  Achiev ing t h e  night- time
i nsu lati on valu e of 1 .76 111 2 . I<.w- 1 chosen by Tschern it&
( 1986) frir the tra nsparent su rfuccs with extra i nsu lation
c.1 1 1  be d i fficu l t .  lf the i nsulation is stat ionary as shown
in Figure 1 ,  common i nsulation materia ls ( batt or loose
fil l ) can easi ly achieve the requ ired va l ue. However, if
one needs to use a movabk thermal screen d l le to the
absorber bei ng dr:tpcd over the r jmber ( as in the
CA LM Sola r Assisted Ki ln )  the insu lat ion va l u e  given
above m ay not be achievable . An R value  of
approx imately 0 . 5 can be expected from the thcrnd
screen ( Cotton ::md Bai ley 1 98 3 ) .  The tota l i nsu l ation
val ue of th<.: twi n  sk i n plus therma l scrern ( R= l .0) fo i ls
well short of that aSSl l lm:d in the cal culations ( R= l .76) .
Thus ,  the performance of k i lns s imi l a r  to  the CALM
Solar Assisted Kiln wi l l  be approxi mately midway
between the nigh t-ti me insu lated and nu n i gh t-ti me
i nsu l ated k i ln  va l ues calc ulated here .

CONCLUSIONS 

This study has shown r hat heat load calcu lations can 
reveal much  abou t the performance of a sol:tr ki ln . 
Assuming the method to be fairly acc ura te, the 
est i mates of solar contributions i n  ki l ns at most of the 
Austral ian sites considered i n  th is  study, ind icat<.:d 
considerable fu el savi ngs by using a so lar ki ln .  This is 
particu larly so when using extra nigh t-time i n s u lat ion of 
a high i nsu la t ion val ue, a l t hough ach ievement of such 
high values of i nsu l a ion can be d i f- lic u l r  i n  some k i l n
designs . 

' 397 600 kWh @ $0. 1 598 x 4 l % fuel sovings. SECWA 1 992 lo r i ffs _
1 .43 x ) {)'>  /v\J + 3 .6  MJ/unil + 75% burning ef f ic iency x $0.0477 /unil 
x 4 I% .  SECWA 1 992 lar i fls . 

' Using conversions of 0 . 3  and 0.07 tonnes of CO,/GJ of end use 
energy, for efectr icily and gos respecl ively. (Weslern Auslro lion 
Greenhouse Co·ordinotion Counci l 1 99 1 1  

' Calculoled for on air gap of 1 3  mm, efleclive emillonce of IR modi fied 
polye rhylene of 0.6 ,  i nlernol kiln temperature of 60°( ond extemo l 
lemperolure of JO•C. 
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Fig1,1,re 4. Estimated monthly variation of fuel savings in kiln type 1 (22m3 and no night-time inmlation) for Perth and
Brisbane. 
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APPENDIX l 
Source of climatic data and solar time adjustment for the 
thirty sites. 

SITE 

W.A. 
Perth AMO 
Albany AMO 
Kalgoorlie 
Esperance 
Manjimup 
Dwellingup 
Harvey 
Northam 

N.T. 
Darwin 

OLD. 
Brisbane 
Townsville 
lnnisfail 
Rockhampton 
Theodore 
Warwick 

N.S.W. 
Sydney 
Wagga Wagga 
Orange 
lnverell 

CLIMATIC DATA TIME ADJUSTMENT 
SOURCE (hours) 

F -0.25 

F 0 

F 0 

B 0 

E -0.25 

E -0.25

E* -0.25

E -0.25

F -0.73 

F 0 

B -0.25 

B -0.25 

F 0 

E 0 

E 0 

F 0 

F 0 

E 0 

E 0 

SITE CLIMATIC DATA TIME ADJUSTMENT 
SOURCE {hoursl 

A.CT.
Canberra F 0 

S.A. 
Adelaide F -0.25 

Mt Gambier F 0 

Kyancutta E -0.50 

VIC. 
Melbourne F -0.33 

Mildura F -0.50 

Kyabram E -0.33

Sale East E 0

TAS. 
Hobart F 0 

Launceston E 0 

Swansea E 0 

F � All climatic data from Frick et al. 119881. 

B � All climatic data from the Bureau of Meteorology. 

E � Temperature and relative humidiiy direct from the Bureau of 
Meteorology, solar radiation estimated horn bright sunshine hours 
!Bureau of Meteorology) using lhe Hounam 119691 ecualion. 

• = Relative humidity valves from Sunbu ry 140 km SW of Harvey!. 

27 

CALMScience 



APPENDIX 2 

Coefficients used for fuel savings eslimates (Equation 7) -
extracted from Tschernitz 11986). Six month adjustment 
mode for the southern hemisphere 

KILN 1 22 m' Without night-time insulation 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

oO -194.05 -186.48 -196.36 -140.90 -115.06 -75.76 -69.15 -73.90 -71.25 -84.80 -129.44 -157.15
al 1.9259 1.8534 t.5451 1,1706 0.6970 0.4720 0.4139 0.4907 0.6904 1.0375 1.2783 1.5786
o2 0.0352 0.0366 0.0445 0.0450 0.0529 00534 0.0527 0,0491 0.0413 0.0306 0.0314 0.0314 
o3 -1274.6 -1514.1 -393.2 -715.9 38.7 -13.2 20.8 -186.5 -1163.1 -1685.2 -1159.3 -1203.6
a4 0.6832 0.8009 l.2326 0.8585 0.8445 0.2183 0.1251 0. 1 457 0,0007 0.1435 0.5695 0.6210

KILN 2 84 m' Without night-time insulation 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

o0 -152.35 -143.06 -147.57 -107.46 -87.52 -59.21 -55.26 -58.49 -52 66 -55 58 -98.39 -120.46
al 1.5918 1.4851 1.2238 0.9346 0.5730 0.4133 0.3673 0.4196 0.5558 0.8174 1.0339 1.2889 
a2 0.0317 0.0327 0.0372 0.0364 0.0408 0.0401 0.0399 0.0380 0.0332 0.0252 0.0280 0.0282 
o3 -1270.8 -1437.7 -492.2 -619.1 -14.0 -21.2 19.8 -124.6 -945.5 -1550.3 -1073.7 -1196.0
a4 0.4485 0.5225 0.8177 0.5549 0.5400 0.0892 0.0409 0.0508 -0.1334 -0.1328 0.3117 0.3748

KILN 3 22 m' With extro night-time insulation 

JAN FEB MAR APR MAY JUN JUl AUG SEP OCT NOV DEC 

a0 -176.82 -170.08 -198.28 -95.33 -79.84 -61.46 -58.63 -65.47 -49.41 -65.76 -117.46 -140.11
al 1.8459 1.7242 1.4543 0.9804 0.5161 0.4001 0.3837 0.4727 0.6300 0.9610 1.1965 1 5009 
a2 0.0392 0.0420 0.0524 0.0464 00572 0.0598 0.0579 0.0535 00445 0.0339 0.0364 0.0353 
o3 -1636.3 -1799.6 -339.9 -1560.4 724.4 -571.6 -460.7 -546.9 -1736.4 -2053.4 -1323.8 -1508.7
a4 0.7428 0.9449 1.6765 0.7612 0.9498 0.7164 0.6723 0.6378 0. 1 605 0.2713 06891 0.6522

KILN 4 84 m' With extra night-time insulation 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

a0 -137.48 -128.88 -148.77 -69.04 -59.99 -47.37 -46.18 -51. 14 -35.51 -38.95 -88.31 -105.69
al 1.4949 1.3574 1.1247 0.7469 0.3998 0.3206 0.3117 0.3376 0.4840 0.7239 0.9408 1.2004 
a2 0.0350 0.0371 0.0439 0.0379 0.0451 0.0462 0.0448 0.0422 0.0363 0.0282 0.0324 0.0316 
o3 -1569.7 -1674.0 -443.9 -1321,9 -621.1 -478,4 -382.2 -418.9 -1398.0 -1854.8 -1192.3 -1443.2
o4 0.4984 0.6402 1. 1854 0.4739 0.6680 0.5138 0.4957 0.4636 0.0176 0.0000 0.4127 0.3996
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APPENDIX 3 

Climatic values and percentage fuel savings of a passive 
solar kiln based on Tschernitz regressions. 

SOL RAD = total solar radiation lkJ m..,,J Kiln type 1 is 22 m' timber capacity and without extra nighHime insulation 
ABS HUM= absolute humidity l(kfi woter/kfl dry oirl x l 00001 Kiln type 2 is 84 m' timber copocity and without extra nighMime insulation 
RH= relative humidity 1%1 Kiln type 3 is 22 m' limber copocity and with extra night-time insulation 
TEMP = overage temperature (°C) Kiln type 4 is 84 m' timber capacity and without extra night-time insulation 

MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

LOCATION 1 PERTH LATITUDE 31.93 

SOl RAD 29200 25500 21300 15200 10800 8800 9500 12300 16800 21900 25300 28300 18742 
ABS HUM 95 99 94 87 78 74 69 68 70 73 79 88 81.2 
RH 50 50.5 53.2 60.7 66.5 71 71 68.5 65 60.5 55.5 53 60.5 
TEMP 24.I 24.5 22.5 18.9 15.8 13.9 12.9 13.2 14.3 16.3 18.9 21.5 18. l 
KILN I 51 47 35 18 4 ·1 2 18 21 30 34 42 24 
KILN 2 51 45 32 15 3 ·2 -0 7 17 27 34 42 23 
KILN 3 71 67 55 42 42 26 29 35 45 52 54 61 48 
KILN 4 66 61 48 34 23 19 22 25 37 46 49 58 41 

LOCATION 2 ALBANY LATITUDE 34.95 

SOL RAD 24700 20600 16400 11500 8800 7600 8300 10800 14400 18600 21100 24600 15617 
ABS HUM 84 93 88 87 79 73 69 67 68 71 76 79 77.8 
RH 59.2 63.8 64.8 73.6 77.6 80.8 80.2 78 74.6 70.6 67.8 61 71.0 
TEMP 19.5 19.8 18.7 16.5 14.l 12.4 11.7 11.7 12.5 14 15.8 18 15.4 
KILN l 25 19 9 0 -4 -7 -4 2 11 18 17 24 9 
KILN 2 25 21 11 I -4 -7 -5 8 17 19 27 9 
KILN 3 44 39 28 25 33 21 24 29 35 39 36 44 33 
KILN 4 43 37 26 20 16 15 18 20 28 35 34 42 28 

LOCATION 3 ESPERANCE LATITUDE 33.83 

SOL RAD 25870 24990 18430 13080 9180 7910 8580 11670 16400 20610 24880 26610 17351 
ABS HUM 101 104 99 91 80 71 66 67 72 76 84 92 83.6 
RH 65 66 67.6 69.8 71.8 72 8 72.4 706 69.6 67.4 65.8 64.2 68.6 
TEMP 20.8 21. l 20 18 75.5 13.5 12.6 13.l 14.4 15.7 17.8 19.6 16.8 
KILN l 30 35 19 9 ·2 ·5 -3 7 20 25 30 32 16 
KILN 2 32 35 19 8 ·2 -5 -4 5 16 23 31 34 16 
KILN 3 49 56 39 33 35 23 26 34 44 47 51 51 41 
KILN 4 47 52 34 27 18 17 19 24 35 42 47 49 34 

LOCATION 4 MANJIMUP LATITUDE 34.25 

SOL RAD 23771 21458 18016 12046 9097 7395 8709 11385 14364 19308 22683 24672 16075 
ABS HUM 82 89 87 82 75 70 65 64 64 64 69 75 73.8 
RH 54.2 58.5 64 72.7 78.5 83 82.7 78.7 73.2 65.2 60.2 55.5 68.9 
TEMP 20.5 20.6 18.7 15.7 13.3 l 1.4 10.4 10.7 11.9 13.7 16.l 18.7 15.l 
KILN I 25 24 14 1 ·5 -9 -4 4 10 20 22 27 11 
KILN 2 28 26 15 1 -5 -9 -5 2 8 19 24 29 11 
KILN 3 44 44 35 26 33 19 25 31 35 42 42 46 35 
KILN 4 43 42 31 21 17 14 18 22 28 38 39 44 30 

LOCATION 5 DWELLINGUP LATITUDE 32.72 

SOL RAD 26665 23772 19793 13505 10565 7928 9387 12192 15146 20806 24628 27688 17673 
ABS HUM 82 89 85 83 76 71 65 63 65 64 69 74 73.8 
RH 48.7 53 58.2 72.2 79.7 84.2 83.2 80 74.5 63 56.7 50 67.0 
TEMP 22.2 22.2 20 16.1 13.1 11.3 10.3 10.4 11.8 14.2 17 20.2 15.7 
KllN 1 39 36 23 6 1 -7 ·l 7 13 25 29 38 17 
Kl 2 41 36 23 6 -0 -7 ·2 4 10 23 30 40 \7 

KILN 3 59 56 44 31 38 20 27 33 37 47 49 58 42 
KllN4 55 52 39 26 21 15 20 24 30 42 46 55 36 
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Appendix 3 Continued 

MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

LOCATION 6 HARVEY LATITUDE 33.13 

SOL RAD 26788 24146 20657 13860 10754 8174 9471 12640 16182 21180 24446 27516 17985 

ABS HUM 90 93 98 98 90 82 78 74 70 69 72 78 83 

RH 50 51 60 73 82 85 86 81 72 62 55 50 67 

TEMP 23.3 23.55 21.6 18.4 15.4 13.35 12.5 12.5 13.55 15.6 18 21. 1 17.4 

KILN 1 42.2 414 :io.9 11.5 4.8 -3.9 15 10.7 18.2 27.6 30.8 40.2 21 

KILN 2 43 3 40.5 28.8 9.9 3.0 ·4.5 -0.6 7.3 14.7 25 3 30.9 40.9 20 

KILN 3 61.6 61.6 52.0 34.9 42.9 22.9 29.1 36.7 42.4 49.9 51.0 59.9 45 

Kil 4 57.8 56.2 45.5 28.4 22.9 16.8 21 5 26.'1 34.0 44.2 46.9 56,<1 38 

LOCATION 7 NORTHAM LATITUDE 31.75 

SOL RAD 27760 24464 21078 14529 11940 9137 10721 13663 17089 23 l 14 27166 30073 19228 

ABS HUM 82 92 85 82 71 71 66 6'1 64 64 63 69 72.8 

RH 40.5 46,2 49 2 62.5 70.7 81.5 82.2 77.5 70.2 56.7 44 38.2 60.0 

TEMP 25.3 25 22.6 18.1 1'1.l 11.8 10.7 11 12.6 15. 9 19.7 23.4 17.5 

KILN I 52 46 34 13 7 -I 6 14 21 34 42 54 27 

KILN 2 52 45 32 12 5 ·2 3 16 17 31 41 53 25 

KILN 3 72 66 55 39 45 26 34 40 46 57 63 75 51 

KILN t1 67 60 48 32 27 20 25 29 37 50 58 69 43 

LOCATION 8 KALGOORLIE LATITUDE 30.78 

SOlRAD 29600 25200 20900 16800 12000 10600 11400 14300 19800 24000 26000 28900 19958 

ABS HUM 86 92 85 75 65 60 56 54 52 57 64 75 68.4 

RH 40.9 46.7 48 7 55.5 63 I 69 I 69.7 617 49.7 43.9 40.3 39.3 52 4 

"IEMI' 26 2-1.9 22.8 18 7 14.-1 11.8 10.7 119 14.9 I 8 2 21.4 24.4 18.3 

KILN 1 59 48 33 ?3 7 6 9 17 35 42 47 52 31 

KILN 2 58 46 31 20 5 3 5 12 29 38 '11 51 28 

KILN 3 79 68 53 49 44 34 37 44 61 65 63 72 56 

KILN4 73 62 ,17 40 27 26 28 32 49 57 57 67 47 

LOCATION 9 ADELAIDE LATITUDE 35 

SOL RAD 29600 26200 19600 13700 9700 8300 8000 11200 16000 21800 2<1900 27100 18008 

ABS HUM 77 80 76 70 68 64 61 60 58 61 65 70 67.5 

RH 47.2 49 52.2 58 68.2 74 75 70.2 61.5 55 50.5 48 59.1 

TEMP 21.7 21.8 19.8 16.9 13.9 11.7 10.9 11.7 13.2 15.7 17 9 19,8 16,3 

KILN I -18 46 25 11 -0 -4 6 4 19 31 3,1 38 20 

KILN? 49 45 24 16 ·l -5 -7 2 15 28 33 39 19 

KILN 3 70 68 46 37 36 25 23 31 44 54 54 58 45 

KILN 4 65 62 41 30 20 18 16 22 35 '17 50 54 38 

LOCATION 10 MT GAMBIER LATITUDE 37.75 

SOL RAD 24500 22200 16100 10900 7700 6400 7000 9600 13300 18000 20800 23600 15008 

ABS HUM 7'1 81 78 73 69 64 61 60 60 61 65 68 67.8 

RI I 57 3 61.7 65 9 73.7 81 4 85.8 85.6 80 6 74 68.4 64,'1 59 71.5 

TEMP 179 18 I 16.6 13.B 11.5 96 9 9.6 108 12. 14.1 16.2 13.3 

KILN I 22 23 6 -4 -10 -14 -1? -,1 6 15 15 20 5 

KIIN 2 26 25 8 -3 -9 13 ·11 ·5 4 14 17 23 6 

KILN 3 42 44 26 22 27 15 8 24 31 38 35 39 30 

KILN!\ 41 42 2'1 18 12 11 13 16 2.1 34 33 38 25 

LOCATION 11 KYANCUTTA LATITUDE 33.13 

SOL RAD 25901 22868 19712 13972 10853 8947 10139 12640 15564 20749 24907 26112 17697 

ABS HUM 67 7,:1 80 74 72 65 63 61 60 56 53 59 65.J 

RH 36.5 41 51.5 59.5 71.7 76.2 77.5 70.7 61.7 117 37.2 36.7 55.6

TEMP 23.7 23.4 20.8 17.4 14 11.5 10.8 I 1.8 13.7 16.7 19.6 21.6 17.1

ILN 1 44 40 26 12 3 -2 3 10 17 31 38 40 22 

KILN 2 45 39 25 10 2 -3 1 7 14 28 37 41 20 

KILN 3 64 60 46 37 41 27 32 37 42 53 58 60 46 

KILN4 60 55 41 31 23 20 24 26 34 47 53 56 39 
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Appendix 3 Continued 

MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

LOCATION 12 MELBOURNE LATITUDE 37.83 

SOL RAD 24200 21600 16000 11000 7400 5900 6700 9100 12600 17400 21000 23700 14717 

ABS HUM 81 87 81 74 67 61 57 57 58 61 68 74 68.8 
RH 55.5 59 61 67.2 73.5 77.5 76.2 70.5 64.3 59.3 58. l 55.8 64.8 
TEMP 19.9 20 18.4 15.4 12.5 10.3 9.5 10.7 12.4 14.4 16.4 18.4 14.9 
KILN 1 27 26 10 -0 -11 -16 -13 -5 5 17 21 25 7 
KILN 2 30 27 11 -0 -9 ·14 -12 -5 4 16 21 27 8 
KILN 3 46 47 31 25 26 13 17 22 30 39 40 45 32 
KILN 4 44 43 27 20 12 9 12 15 23 35 37 43 27 

LOCATION 13 MILDURA LATITUDE 34.25 

SOL RAD 28300 25300 20700 15100 10500 8800 9600 12600 16900 21700 26000 28900 18700 
ABS HUM 82 89 81 73 69 62 58 58 58 60 65 70 68.8 
RH 42.9 47.6 51.3 61.1 72.5 78.5 76.5 69.5 58.7 50.2 45.2 41.5 58.0 
TEMP 24.3 23.9 21 1 16.8 13.2 10.5 9.8 ) 1.3 13.7 )6.7 19.7 22.3 16.9 
KILN 1 52 48 32 16 2 -3 0 19 22 33 40 49 25 
KILN2 52 46 30 13 0 -4 -2 6 18 29 39 48 23 
KILN 3 72 69 53 42 39 26 30 37 48 55 61 69 so 

KILN 4 67 62 47 34 22 19 22 27 38 49 55 64 42 

LOCATION 14 KYABRAM lATITUDE 36.33 

SOL RAO 25528 23412 19693 13931 9784 7609 8526 11287 15266 20553 24940 27193 17310 
ABS HUM 67 74 76 71 66 58 53 56 58 59 55 57 62.5 
RH 41.3 43.8 54.4 66.4 78.6 83.9 82.1 76,9 70.4 58.7 45.3 39.5 61.8 

TEMP 21.7 22.4 19.3 14.9 11.4 8.4 7.6 9.2 10,9 14 17.l 19.9 14.7 
KILN l 38 41 25 9 -2 -10 -6 3 13 25 34 40 17 
KILN 2 40 40 24 8 -3 -18 -7 10 23 33 41 17 
KILN 3 58 62 48 36 36 20 24 31 38 48 55 61 43 
KILN 4 55 56 42 29 20 14 l 8 22 31 42 50 57 36 

LOCATION 15 SALE EAST LATITUDE 38. l 

SOL RAO 23357 20535 16987 12319 8940 6998 8466 11126 14645 19020 22371 23870 15719 
ABS HUM 88 92 88 75 66 59 53 56 60 68 73 81 71.6 
RH 63.8 66 70.l 73.3 78.4 81.4 77.4 75 9 72.4 70.8 67.2 65.2 71.8 
TEMP 18.9 19.2 17.5 14.4 11.4 9.1 8.4 9.5 11.2 13.3 15.2 17.3 13.8 
KILN I 20 19 12 3 -5 -12 -6 3 11 18 21 22 9 

KILN 2 24 21 12 2 -5 ·11 -7 0 8 17 22 25 9 

KILN 3 39 40 33 29 33 19 26 31 36 41 42 41 34 

KILN4 38 37 29 23 18 13 19 22 29 36 38 40 29 

LOCATION 16 SYDNEY LATITUDE 33.93 

SOL RAD 24300 20000 17600 13100 9800 8400 8800 12500 16000 19300 21200 24800 16317 
ABS HUM 117 123 113 93 77 65 56 58 65 79 92 107 87.1 

RH 69 71.8 71.4 70 70.6 70.6 65.4 62.6 61.2 63 64.4 66.4 67.2 
TEMP 22.2 22.4 21.2 18.3 15 12.8 11.7 12.8 14.9 17.4 19.5 21.4 17.5 
KILN 1 28 20 18 9 0 ·3 ·2 11 20 24 23 31 15 
KILN 2 30 22 18 8 -0 -4 ·3 7 16 22 24 32 14 

KILN 3 46 38 38 33 38 25 27 38 44 46 42 49 38 
KILN 4 43 35 33 27 20 19 20 27 35 40 38 46 32 

LOCATION 17 CANBERRA LATITUDE 35.32 

SOl RAD 27600 24300 19400 13900 10000 8900 8600 11500 16300 20800 25100 26700 17758 
ABS HUM 82 89 79 65 55 48 45 45 50 56 62 70 62.2 
RH 54.9 60.7 62.7 69.3 75,9 79.3 78.9 73.1 67.5 61.4 56.1 52.5 66.0 
TEMP 20.3 19.9 17.6 13.1 8,9 6.4 5.6 6.8 9.4 12,6 15.4 18.6 12.9 
KILN 1 37 32 18 5 -5 -6 ·7 2 16 23 29 33 15 

KILN 2 39 33 19 4 ·5 -7 ·8 -0 13 22 29 35 14 

KILN 3 57 54 40 33 33 25 23 29 42 47 50 53 41 

KILN-4 55 50 36 27 19 19 17 21 34 42 46 51 35 
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Appendix 3 Continued 

MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT OV DEC YEAR 

LOCATION 18 WAGGAWAGGA LATITUDE 35.25 

SOL RAD 27300 24800 20000 14600 9800 7900 8600 11300 16000 20900 25700 28100 17917 
ABS HUM 86 94 84 73 66 58 54 56 60 65 69 74 69.9 
RH 46.7 51.5 55.3 65.9 77.9 83.3 83.5 78.3 71.5 63.1 53.7 45.9 64.7 
TEMP 23.5 23.5 20.5 15.6 11.4 8.6 7.5 9 11.2 14.5 17 9 21.5 15.4 
KIIN 1 46 45 28 12 -3 -9 -6 2 16 26 36 45 20 
KllN2 47 43 27 10 .3 -9 .7 0 13 23 35 45 19 

Kil 3 66 66 50 38 35 21 24 30 41 49 57 65 45 
KILN-1 62 59 ,14 31 19 15 17 21 33 43 51 60 38 

LOCATION 19 ORANGE LATITUDE 33.32 

SOL RAD 25299 23554 19539 14711 11097 8725 9991 13137 16637 22014 25660 27352 18143 
ABS HUM 76 82 74 64 55 47 43 45 49 49 62 69 59.7 
RH 56.2 616 65.l 73.1 79.4 83.6 Bl 0 78.4 73.0 68.6 62.6 56.6 70.0 
TEMP 18.8 18.4 15 9 12. l 8.6 5.6 1\.6 5,9 8.1 9.0 13.7 17.0 11.4 
KILN I 24 24 12 4 -2 -8 -2 8 15 21 26 29 13 
KILN 2 28 27 14 4 -3 ·8 ·4 4 12 20 ?7 32 13 
KILN 3 44 46 33 33 36 22 28 35 42 45 47 50 38 
KILN4 43 411 31 27 22 16 21 25 3-1 41 411 -18 33 

LOCATION 20 INVERELL LATITUDE 29.78 

SOL RAD 24109 23531 21603 16051 12704 10856 12093 15682 19026 ?2800 ?5577 26029 19172 
ABS HUM 97 95 89 73 63 54 48 49 51 62 68 83 69 
RH 53 I 54 9 58.7 61.7 69.9 73.7 71.3 669 58 I 54.7 48 9 50.4 60 
TEMP 23.5 22.7 20.4 16.7 12 4 9.4 8.0 9.2 12 2 16.0 19.2 21 8 15.9 
KILN l 34 36 32 18 10 5 10 21 29 34 37 38 25 
KILN2 36 36 30 16 7 2 6 15 23 30 36 38 23 
KILN3 52 56 54 .15 48 36 41 50 55 57 58 57 51 

KILN ,t '19 52 117 37 30 27 31 37 4-1 50 53 53 42 

LOCATION 21 BRISBANE LATITUDE 27.42 

SOL RAD 24200 22200 19700 14900 11800 11100 11300 15100 19000 20300 21900 24100 17967 
ABS HUM 130 135 130 112 89 75 67 67 75 88 102 118 99.0 
RH 64.6 67.2 68.6 67 8 66.4 65. 1 62.9 59 1 57.2 57.6 58.2 61.2 63.0 
TEMP 25 24.9 24 21.8 18.5 16.1 15 15.9 18.2 20.6 22.8 24.J 20.6 
KILN 1 31 29 25 17 9 1 1 l l 24 34 31 28 32 23 
KILN 2 33 30 25 15 7 7 7 18 28 28 29 33 22 
KILN 3 48 46 43 39 46 37 37 48 57 50 45 48 45 
KILN 4 45 43 38 32 26 28 28 35 46 45 42 46 38 

LOCATION 22 TOWNSVILLE LATITUDE 19.25 

SOl RAD 21290 20020 19820 17200 15220 14670 15720 18270 21970 ?4310 2'1610 23440 19712 
ABS HUM 163 174 162 1 38 117 94 91 97 109 128 150 163 132.2 

RH 68.2 74.5 73 69.7 68 64.5 65.2 64.5 64 64.7 667 68.2 67.6 

TEMP 27.8 27.5 26.6 24.7 22.4 199 19.2 20.3 22.3 24.8 26.8 27.9 2-1.2 
KILN 1 22 18 22 23 23 29 34 39 46 41 34 29 JO 
KILN 2 25 20 23 21 19 22 25 31 38 38 35 3 1 27 
Kil 3 3.'i 31 36 43 61 51 56 60 66 59 50 44 40 

KllN 4 35 30 33 36 35 39 42 45 54 53 47 42 41 

LOCATION 23 INNISFAll LATITUDE 17.53 

SOL RAD 18780 17300 16290 13840 11920 16010 13040 15560 16030 19960 20690 19770 16599 
ABS HUM 169 179 168 152 139 119 l 12 117 115 121 139 152 140.2 
RH 75.5 81.2 79 80 82 80 78.2 75.7 69.2 65.2 65.7 60 75 l 
TEMP 26.7 26.5 25.9 24 22.2 20. 1 19.5 20.7 21.9 23.8 25.9 26.5 23.6 
KILN I 9 4 4 6 6 35 21 27 23 29 22 16 17 
KILN 2 14 8 8 7 6 27 16 22 20 29 24 20 17 
KILN 3 21 15 15 24 44 56 40 45 41 45 36 29 34 
KILN4 22 17 16 21 19 43 30 33 34 42 35 30 29 
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Appendix 3 Continued 

MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

LOCATION 24 ROCKHAMPTON LATITUDE 23.38 

SOL RAD 22200 20700 20000 17400 14000 13700 14200 17000 19900 22200 23500 24300 19092 
ABS HUM 151 155 145 120 97 82 77 80 90 104 121 137 113.3 
RH 67.4 70.6 70.3 67.5 67.1 67.7 67.9 63.3 60.9 58.9 59.4 62.4 65.3 
TEMP 26.8 26.4 25.5 23. l 19.8 16.9 16 17.6 20.2 23 25.3 26.5 22.3 
KllN l 26 23 25 25 17 23 25 32 38 37 34 34 28 
KILN 2 28 24 25 22 14 17 18 25 32 34 34 35 26 
KILN 3 40 37 41 47 55 47 49 55 59 56 50 49 49 
KllN4 39 35 37 39 32 36 37 41 49 50 47 47 41 

LOCATION 25 THEODORE LATITUDE 24.83 

SOL RAD 22033 20679 19561 16692 14051 12638 14411 16756 19728 22746 24465 24230 18999 
ABS HUM 134 133 123 98 83 69 64 66 71 88 103 122 96 
RH 58.9 60.3 60.9 58.9 63.1 65.9 64.3 59.5 53.1 52.3 51.9 55.5 59 
TEMP 27.2 26.6 25.1 22.0 18.2 14.7 14.0 15.5 18.6 22.1 24.9 26.6 21.3 
KILN l 35 35 36 30 24 18 25 31 37 41 43 42 33 
KJlN 2 36 33 32 25 18 12 18 23 30 35 40 40 29 
KJLN 3 51 51 56 53 62 48 56 59 62 62 62 58 57 
KILN 4 47 46 47 43 39 36 42 44 50 53 55 53 46 

LOCATION 26 WARWICK LATITUDE 28.2 

SOL RAD 23240 21635 19916 16791 13362 11590 13403 16355 19483 22548 25019 24767 19009 
ABS HUM 114 116 108 88 73 62 55 54 61 74 89 100 83 
RH 62 65 67 67 71 74 70 63 59 58 59 58 64 
TEMP 23.5 22.95 21.55 18.2 14.4 11.3 10.2 11.55 14.45 17.8 20.5 22.65 17.4 
KILN 1 26 24 21 19 11 9 17 26 32 34 33 31 24 
KILN 2 29 26 22 17 9 6 11 19 27 31 34 33 22 
KILN 3 43 42 40 44 49 37 45 51 57 55 52 49 47 
KILN4 41 40 36 37 30 28 34 38 47 50 49 47 40 

LOCATION 27 DARWIN LATITUDE 12.42 

SOL RAD 20100 20200 20100 22300 20400 19700 20500 22100 23600 24700 24100 22700 21708 
ABS HUM 188 188 184 159 130 107 104 118 141 162 177 186 153.7 
RH 76.3 77.3 75.3 64.6 57 52.6 52.3 55.6 59.3 63.3 68 72.6 64.5 
TEMP 28.2 28 28.1 28.3 26.9 25.1 24.8 25.9 27.7 29 29.2 28.9 27.5 
KILN 1 12 13 18 43 47 55 59 59 54 43 32 23 38 
KILN 2 17 17 20 38 38 43 45 47 47 41 33 26 34 
KILN 3 24 24 29 61 85 76 79 77 72 59 46 36 56 
KILN 4 25 25 28 52 53 58 61 58 60 53 44 36 46 

LOCATION 28 HOBART LATITUDE 42.83 

SOL RAD 22600 19600 14300 10100 6400 5100 6000 8600 12600 17100 20100 21800 13691 
ABS HUM 75 76 72 66 59 53 50 52 54 58 63 68 62.2 
RH 60.8 62 65 68 73.2 75.2 74.6 73 67.4 64.6 63 62.2 67.4 
TEMP 17 17 15.7 13.3 10.6 8.6 8 8.8 10.4 12.2 13.9 15.4 12.6 
KILN l 16 15 3 -4 ·13 ·20 ·17 -8 3 14 16 16 2 
KllN 2 20 17 4 ·3 ·12 ·18 ·15 ·8 1 l 2 17 18 3 
KILN 3 36 37 24 23 24 12 16 22 29 37 36 35 28 
KILN4 35 35 22 18 11 8 11 15 22 32 33 34 23 

LOCATION 29 LAUNCESTON LATITUDE 41.55 

SOlRAD 24159 21599 17092 11912 7914 6106 7329 9998 13966 19629 23465 24966 15677 
ABS UM 69 72 72 65 59 53 50 52 55 58 61 67 61.1 
RH 58.4 60.4 66.9 73.9 80.6 83.8 83.2 80.3 75.3 71.3 65.8 62.8 71.9 

TEMP 16.6 16.7 15 12 9.3 7.1 6.5 7.5 9.2 10.9 12.9 14.9 1 l.6 
Kil l 19 20 19 -0 .9 -17 ·12 ·3 7 18 22 22 6 
KILN 2 23 22 11 -0 -9 -16 ·12 ·5 4 16 23 25 7 
KILN 3 40 43 33 27 29 15 21 27 33 42 44 42 33 
KllN4 39 40 29 22 15 11 15 18 25 36 40 41 28 
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Appendix 3 Continued 

LOCATION 30 SWANSEA LATITUDE 42.13 

SOL RAD 22415 19390 15504 11087 7598 5890 7164 9929 13610 18594 21367 23133 14640 

ABS HUM 73 76 73 68 61 55 52 52 53 56 64 68 62.6 

RH 60.6 63 65.4 70.6 75.2 76.2 75.8 72.4 66.2 62.2 64.2 62.8 67 9 

TEMP 16.8 16.8 15.6 13.4 10.9 9.1 8.2 9.1 10.7 12.3 14 15.2 12.7 

KILN I 15 13 6 -0 ·8 ·16 -11 -2 7 18 19 18 5 

KILN 2 19 16 7 -0 ·8 ·15 -11 .4 5 16 20 21 5 

KILN 3 34 35 29 26 29 16 22 28 34 42 40 38 31 

KILN4 34 33 25 21 15 11 15 19 26 36 36 37 26 
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CAlMScience 1 ( l ): 35-46 119931 

Review of the ecology and control of the introduced 
bark beetle Ipsgrandicollis (Eichhoff) (Coleoptera: 
Scolytidae) in Western Australia, 1952-1990 

Science and Information Division, Department ofCoJ1Scrvation and 
Land Management, Au5tralia II Drive, Crawley 6007, Western 
Au.si:ralia 

SUMMARY 

This paper reviews and col!ates historical material, 
previously unpub)jshed, relating to Ipsgrandicollis, 
hereafter called Ips, in pine plantations in Western 
Australia. Within 10 years of being discovered, Ipswas 
distributed in nearly a.II plantations. Ips initially caused 
concern to foresters because it introduces blue stain 
fungi to felled logs. Attack offelled logs by lps is 
retarded by cool weather. Low tempera.cw-es also 
increase the length of the la1val phase of the life cycle. 
Available data indicate that logs of radiata pine are more 
amactive to Ips than those of pinaster pine. 

By 1970 the coincidence of a severe drought and 
canopy closure of many hectares of radiata pine 
plantations in the Blackwood Valley led to outbreaks of 
lps, resulting in some feeding attacks. Subsequent 
droughts in 1972, 1979 and 1987, combined in some 
instances with inadequate disposal of thinning slash, led 
to further outbreaks. The balance of local evidence 
available indicates that lps is a secondary pest of the 
pme. 

From 1984 to 1990, Westt:rn Australia participated 
in a national scheme to establish biologicaJ control 
agents (insect predators and parasitoids) to help 
minimize futLU"e Ips outbreaks. Only the parasitoid 
Roptrocerus xylophagQritm (Hymenoptera, 
Pteromalidae) has established in Western Australian 
plantations where an average rate of parasitization of 
Ips of c. 5 per cent was recorded in 1990. 

INTRODUCTION 

lps grandicollis (Eichhoff) (hereafter lps) was fast 
recorded in Western Australia in September 1952. 
Western AustraJia and South Australia are the only p:uts 

IAN ABBOTT 

of Australia where Ips and pines have coexisted for more 
than tlu·ee decades. 

Although researcl1 into Jpscommenced in Western 
Australia in 1955, tl1e amount of effort allocated has 
been limited and only one scientific paper has been 
published (Rimes 1959). During 1966-1979 
S.J. Cuny 1 carried out surveys, none of which were 
published. A search of files of the Dep:u·tment of 
Agriculn1re and of the Forests Department revealed 
existing records of data collected to be fragmenta1y. 
Nonetheless, studks of lps in South Australia (Morgan 
1967, 1989) and Victoria (Neumann and Morey 1984) 
complement this information. 

This review organizes existing facts and information 
into rwo time frames. The period 1952 to 1982 
included the important necessaiy steps of documenting 
the spread of lps tlnougb the south-west of Western 
Australia, elucidating its life histo1y, and devising 
operational techniques for limiting the damage that 
outbreaks may cause to the pinewood resotU'ce. The 
second phase, 1984 to 1990, involved a biocontro1 
program carried out in conjunction with the lps Project 
Management Committee (Australian Forestiy Council), 
and the formulation of a prescription for the 
inti·oduction of bi.ocontrol agents into pine plantations 
managed by tl1e Department of Conservation and Land 
Management (CALM). 

THE INSECT: DISTRIBUTION, HABITAT AND 
SEASONAL ACTIVITY 

Description 

See Wood (1982: pp 699-701) for a full diagnosis. 

Distribution in Northern Hemisphere 

According to Wood (1982), lps ranges over roost of the 
eastern half of North America, from southern Manitoba 
and Quebec to Florida, and Mexico and Centi·al 
America. 

1 Foresl Enlomologisl, Deporlmenl of Agricullure, Weslern Australia from 
1964 lo 1984. 
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Introduction to Australia 

The species was first recorded i n  Australia, at Wirrabara 
in South Austral ia, in 1 943 ( Morgan 1967 ) .  

Distribution in Western Australia 

In 1 9 52 Ips was recorded only in Col l ier and Somervil le 
plantations near Perth .  The species is pre umed to have 
reached Western Austral ia through shipment of i n fosted 
materia l to Fremantlc . I t  is not known whether such 
material came from South  Austral ia or d i rectly from 

orth Ame rica. 
By L 954 fps was found in the G nangara ,  Scaddan ,  

M udr os and G reystone pl a n tat io ns near Perth as wel l  as 
in metropolitan t imber yards, but no i n  plantations 
fu rthe r south . I n  1 962 It1s w;is present i n  a! I  plan tations 
except Boranup . By 1 968 ,  u rry recorded it in a l l  
p lantations except two comparatively isol-ated ones 
south and cast of Pemberton :rnd M;inj i m up 
respectively . lt h as si nce reached the  e and has been 
rernrckd forther ea t at Al ba ny (sec map in Abbott 
1 98 5 ) . 

Habitat 

The main breed ing h :i bitat of lps is fresh s lash materia l 
( either from fel led or wind b lown m ateria l ) and 
recent ly fi: l lcd l ogs ( Ri m es l 959 ) .  Stand ing trees 
damaged by fire, l ightn ing or weakened by drought arc 
also attacked ( sec also be low ) .  I n  Western Austral ia 
attack h as been recorded on eight species of p ine .  
Neu mann ( 1 98 7 ) records attac k on 10  species o f  pine 
i n  Austral ia and Wood ( 1 982)  l ists 16 Pinus species 
which arc attac ked i n  orrh America .  Both ad u lts and 
larvae feed on tl1c i n ne r  bark t is u es of conifer . Wood 
felled for more than one year becomes too dry to 
susta i n Ips. 

Life cycle 

The fol lowing account is condensed from Ri mes 
( 1 959 ), Morgan ( 1 967 ) ,  and Neu mann and Morey 
( 1 984) .  Two types of attack on trees may be found . 
Only males can i nit iate the breedi ng attack, wherea 
either sex can init iate the feeding attack. 

I n  the breedin,_q attack, the male en ters the i n ner 
bark ( cambi u m )  and const ructs .1 nu ptial cham ber. Both 
the i nitia l attraction of females and the aggregation of 
the pop ulat ion arc med iated through the prod uction of 
pheromones .  A female later e nters and constructs an 
egg gal lery from the cham ber. Mat ing occu r -, after 
which t l1c female con a·ucts l a teral gal leries into which 
eggs arc laid . Eggs ha ch in 7- 1 2  days, depe nding on 
te mperature . There are three 1 larval instars, each lasting 
5-9, 6- 1 0 ,  and 6- 1 0  days. Each larva produces a mine
more or less perpe ndicu la r  to the brood gal lery. ( If the
bark is removed ,  the overal l  pattern of tunnels
resembles an engraving in the sapwood. ) Upon
maturation a pupal d1amber is formed and
metamorphosis occurs . The freshly hatched adults bore
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to the outside of tl1e wood ,  making an exit hole . Bark 
thickness i nfluences larval smvival, as t l1icker bark 
ensures a higher moismrc content of cambium and this 
promotes su rvival .  The fastest period from oviposition 
to emergence is c .  45 days in out11 Austral ia ,  in 
contrast to 60 days in Vic tori a .  In South Australi a  4-5 
generations per year arc recorded, whereas only 4 occ ur 
i n  Victoria . 

I n  the feeding attack no n uptial chamber or brood 
gal leries are con tructcd . In read , he ph loem ,  cambium 
and  outer sapwood of  l ive trees, recently k i l led trees and 
fresh ly fe l led logs arc damaged .  Such a n  attac k is ofte n 
found i n  the branches and u pper bole during l:<cbru ary 
and March . 

SEASONAL ACTIVITY 

Aims and Methods 

A derni led study of seasona l  act ivity in four  plan tation 
dose to Pcrrh was c1 rr icd out  by S . J .  Cu rry d u r ing  
1 966 and  1 967 .  Pi naster p ine ( Pintts pinaster) wa 
studied at Coll ier in com partments 1 2  ( pla nted 1 932 ), 
2 1  ( 1 9 3 3 )  and 2 3  ( 1 934) ,  Somerv i l l e  51 ( 1 940 ) and 57 
( 1 945 ), Greystones  1 1  ( 1 9 50 ) ,l l ld Be raking 1 ( 1 95 5  ) .  
Rad iarn pi ne ( P. radiata) was also st udied ;it Greystones 
and Bcrak ing .  oi l ier and omcrvi l lc p lantat ions no 
longer exist, ha ing been replaced by the sl! bur bs of 
Bent ley and M urdoch to the sou th of Perth .  Grcystone · 
and 13eraking are on tl1c Darl in g Pla teau 30-45 km east 
of Pe rth. 

The stated objective of t h is study w.1s to relate 
seasona l variation in attack of pine logs by fps to rainfall 
�1 1 1d humid i ty, and i n  partic u l a r  to establ ish whether lps 
1 s  dormam dur ing wi n ter. Two trees were felled in each 
compartment each month for one year from May 1 966 .  
Each tree was  cross cut i n to two 3 111 ( 1 O feet )  logs and 
a ny late ra l branches were removed though the crown 
was left intact. The two logs were placed on old logs so 
that they were off the ground and could easily be rol led 
over for inspection . 

Logs in Collier ·ompartment 1 2  were i nterfered 
with by firewood col lectors; u bseq uent ly observations 
were a-ansferred i n  July 1 966 to compartment 2 1 . Logs 
were examined within one week of fo! J ing and thereafter 
at fortnight ly in tervals ( Coll ier, Somerv i l le ) or month l y  
i n �erva l s  ( Greystones, Beraki ng) for one  year . Entry and 
exit holes were cou n ted and marked witl1 a cork borer 
and crayon at each i nspect ion . Unfortu nate ly the 
diameter of the logs is not record ed in the fi les nor is 
the ampl i n g  unit speci fied uneq uivocal ly . Thc1\:forc it 
is not pos ible to express these pan1mcters in absol ute 
terms. Comparisons between planta ion arc 
consequently not po s ibl c .  

The period between fel l ing and first recorded 
attacks, and  the period betwee n  fel l i ng and first 
recorded emergences at the Coll ier and Grcystones 

' Mo,gon ( 1 9671 recorded lou r  l n slms . This I s  now known lo be in error 
based on heod capsule wid t h s of some 'gion l' larvae . There are only 1hree 
moulls lo lhe pupa from holch ing If . D. Morgan .  persona l commumcal ion) 



compartments has been examined in relation to mean 
maximum temperature during these periods. Weather 
data from Perth and Kalamunda, the nearest 
temperature recording centres, were used. 

RESULTS AND DISCUSSION 

Dormancy 

Ips beetles were inactive from May until late August in 
all plantations. Dormant beetles were found in old 
galleries beneatl1 tl1e bark of logs (produced by tl1e last 
au tumn generation in logs then freshly felled) and dead 
standing trees. Ips may also overwinter as larvae or 
pupae . 

Onset of Attack 

Attack was recorded as soon as two days after fel ling, or 
as late as 64 days after felling (Table 1 ). A significant 
inverse relationship was found between mean maximum 
temperature and tl1e number of days after fel l ing before 
attack began (Fig. 1 ) . 

Emergence of New Generation of Beetles 

This took place from November to Jan uary for the logs 
felled in May (autumn), whereas tl1e process took only 
1 5-30 days from logs fel led during summer. It is 
possible tl1at some of the records of <30 days represent 
re -emergence of attacking adults and not emergence of 
their brood. There is a su·ong inverse relationship 
between number of days from felling to emergence of 
adults and mean maximum temperature for tl1at period 
(Fig. 2 ) .  Even if the six lowest points are omitted (for 
tl1e reason just discussed) ,  tl1e strong inverse 
relation ship remains (Fig. 2 ) .  
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Figure 1 .  Relationship between number of days before 
adult Ips attack freshlyfelled logs of pinaster pine and 
mean maximum air temperature. Data pertain to 
Collier and Greystones plantations. Least squares best-fit 
regression: log Y = 2. 08 - 0. 0366 X (r = 0. 36, P = 0. 001) . 

A 1 5 -day generation lengtl1 in Fe bruary and March 
is twice as fast as recorded by Rimes ( 1 959) ,  and 
implies tl1at a maximum of n ine generations between 
May and April of the following year is possible . 
However, Rimes ( 1959)  suggested that there could be 
6-8 generations per year. This large number of
generations per year explains why, under suitable
conditions, Ips can reach ou tbreak levels rapidly.

The total number of adult Ips emerging from tl1e 
felled logs shows no uniform seasonal pattern (Table 2) :  
large n umbers can emerge during the subsequent 1-1 5 
montl1s from logs felled in any month . Presumably tllis 
variability reflects djfferences in tile n umbers of Ips 
available to attack freshly felled logs (perhaps related to 
differences in s i lvicttltural treatment such as tl1in11ing, 
slash management and stand basal area), as well as 
differences in the frequency of attack, ambient 
temperature and bark iliickness. 

A noticeable impJkation from tl1e data pertaining to 
the two plantations contai1ling botll pine species (Table 
2) is tl1at many more Ips emerged from the logs of
radiara pine. This may indicate that this species is a
more attractive host tl1an pinaster. Confirmation of any
host preference would require specifical1y designed
controlled field and laboratory studies .

Some anecdotal data available on file indicate tl1at 
although greatest activity occurs from September to 
May, unseasonal conditions can extend or inhibit this . 
For example, Ips was still active in June 1 967 nortl1 of 
Perm but not so near Munda.ring whid1 is wetter and 
cooler. In November 1 968 unseasonal cool weather 
reduced activity near Perth. Curry considered that 
activity was usually much less in tl1e souili of Western 
Austral ia where winters are cooler and wetter .  These 
anecdotes agree witl1 tile inverse relationsllip 
demonstrated i_n Figure l between time from attack and 
temperature . 
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Figure 2. Relationship between niimber of days before 
adult Ips emerge from freshly-felled logs of pinaster pine 
and mean maximum air temperature. Data pertain to 
Collier and Greystones plantations. Least squares best-fit 
regmsion: log Y = 3. 42 - 0. 0647 X (r = 0. 71, P = 0. 001). 
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TABLE l 

Periods between felling of test logs ond firs emergence of 
adult fps in 1966-67, based on dotes of felling, first 
recorded attack by beetles and first emergences of progeny. 

GREYSTONES 

Date of felling ldoy/manth) 18/5 16/6 14/7 10/8 15/9 13/10 8/11 1/12 10/1 6/2 7/3 4/4 2/5 

PINASTER 
Altock first recorded 27/5 27/7 10/8 13/10 13/10 27/10 1/12 10/1 16/1 9/2 20/3 19/4 1/6 
idays) 9 41 ?7 64 28 14 20 40 6 3 13 15 30 
Emergence lirsl recorded 16/1 16/1 1/12 16/1 1/12 1/12 10/1 10/1 6/2 21/2 4/4 2/5 2/11 
(days) 243 214 140 159 77 49 63 40 2/ 15 28 28 184 

RADIATA 
Atlock first recorded 27/5 10/8 27/7 13/10 13/10 27/10 10/1 10/1 16/1 21/2 20/3 19/4 1/6 
idaysl 9 55 13 64 28 14 63 40 6 15 13 15 30 
Emergence first recorded 1/12 1/12 16/1 16/1 16/1 16/1 10/1 10/1 6/2 7/3 2/5 16/5 3/10 
!days) 197 168 186 159 123 95 63 40 27 29 56 43 154 

BERAKING 

Dote of felling lday/monlhl 17/5 16/6 14/7 10/8 15/9 13/10 8/11 1/12 10/1 6/2 7/3 4/4 2/5 

Pl ASTER 
Altock first recorded 7/6 27/7 30/8 15/9 13/10 27/10 1/12 10/1 6/2 21/2 20/3 19/4 16/5 
(days) 21 ,n 47 36 28 14 23 40 27 15 13 15 14 
Emergence lir�I recorded 1/12 1/12 1/12 8/11 8/11 1/12 l/12 10/1 6/2 7/3 4/4 5/7 1/70 
(doysl 198 168 140 90 54 49 23 40 27 29 28 31 154 

RADIATA 
Allack lirsl recorded 30/5 10/8 15/9 27/10 13/10 1/12 1/12 10/1 6/2 21/2 20/3 19/4 4/7 
(days) 13 55 63 78 28 49 23 40 27 15 13 15 64 
Emergence firsl recorded 1/12 8/1 l 1/12 10/1 10/1 10/1 1/12 10/1 6/2 21/2 4/4 5/9 3/10 
(days) 198 145 140 153 117 89 23 40 27 15 28 154 154 

COLLIER (all pinoster) 

Dole of felling (day/month) 13/5 15/6 12/7 9/8 13/9 11/10 9/11 6/12 3/1 7/2 7/3 4/4 2/5 6/6 

COMPT 12/21 
Allack first recorded 23/5 29/8 29/8 21/9 25/10 2/12 22/12 25/1 13/2 9/3 8/4 
ldaysl 10 48 20 8 14 23 16 22 6 2 4 
Emergence first recorded 9/11 9/11 9/11 2/12 22/12 12/1 9/2 9/3 6/4 18/5 
!days) 120 92 57 52 43 37 37 30 30 44 

COMPT 23 
Allack first recorded 23/5 29/8 29/8 29/8 21/9 25/10 2/12 22/12 12/1 17/2 17/3 18/4 15/6 30/6 
idaysl 10 75 48 20 8 14 23 16 9 10 10 14 44 24 
Emergence lirsl recorded 2/12 2/12 9/11 9/11 2/12 2/12 22/12 22/12 25/1 21/3 18/4 30/6 28/8 22/9 
ldoysl 203 170 120 92 80 52 43 16 22 42 42 87 118 108 

SOMERVILLE loll pinosler) 

Dale of felling !day/mon h} 16/5 14/6 12/7 9/8 6/9 12/10 9/11 7/12 11/1 7/2 7/3 4/4 2/5 20/6 

COMPT 51 
At ack first recorded 26/5 12/7 25/8 25/8 13/9 26/10 29/11 30/12 24/1 13/2 15/3 6/4 31/5 8/9 
idoysl 10 28 44 16 7 14 20 23 13 6 8 2 29 80 
Emergence first recorded 10/11 10/11 10/11 10/11 10/11 29/11 30/12 11/1 8/2 8/3 22/3 4/5 13/7 22/9 
!daysl 178 149 121 93 65 48 51 35 28 29 15 30 72 94 

COMPT 57 
Attack first recorded 26/5 24/8 13/9 24/8 12/10 26/10 24/11 30/12 24/1 13/2 15/3 20/4 4/5 
!days) JO 71 63 15 36 14 15 23 13 6 8 16 2 
Emergence firsl recorded 10/11 10/11 10/11 10/11 10/11 24/11 30/12 30/12 8/2 8/3 30/3 4/5 31/5 
ldaysl 178 149 121 93 65 43 51 23 28 29 23 30 29 

- nol recorded or no dato
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TABLE 2 

Number of adult beetles emerging from logs felled at 
different dates 1966-7. 

GREYSTONES 

Dote of felling idoy/monthl 18/5 16/6 14/7 
Pinoster (up lo 3 Aug 1967) 480 472 320 
Rodiolo lup to 3 Aug 1967) 1451 1707 2402 

BERAKING 

Dote of felling ldoy/monthl 17/5 16/6 14/7 
Pi nosier {up lo 14 June 1967) 876 1335 593 
Rodiolo !up lo 14 June 1967) 4244 1770 1990 

COLLIER (oil pinosler) 

Dote of felling ldoy/monthl 13/5 15/6 12/7 
compl 1 2/21 lup lo 1 8 May 19671 2116 
compt 2 3 (up lo 4 Moy 19671 682 1224 1695 

SOMERVILLE (all pinoster) 

Dote of felling (doy/manlhl 16/5 14/6 12/7 
compl 5 1 (up lo 3 1 Moy 19671 3303 2539 3039 
comp! 57 (up lo 1 8 Mey 19671 1816 1298 2520 

THE HOST TREE: PINES AND THEIR 

SILVICULTURE IN WESTERN AUSTRALIA 

10/8 
524 
1463 

10/8 
884 

2319 

9/8 
1984 
1964 

9/8 
2126 
1249 

At the end of 1990, the area of Government-owned 
pine plantations in Western Ausualia was 68408 ha, 
comprising radiata pine (57 per cent), pinaster pine (42 
per cent) and other species ( <l per cent). Radiata pine 
is grown in the cooler and wetter parts of the south­
west and pinaster pine is grown on the sandy soils of 
the Swan CoastaJ Plain. Radiata pine therefore tends to 
be grown where topography is relatively steep and on 
relatively fertile soils tending to be shallow and stony. 

A regular annuaJ planting program began in 1922 at 
Ludlow and Mundaring, aJthough little was achieved 
during 1939 to 1945 (Foresters' Manual 1964). The 
area planted increased rapidly from about 7 000 ha in 
1953 (Fig. 3). Initially pinaster pine was the preferred 
species for planting (Table 3 ). 

The si.lviculruraJ systems applied to pine plantations 
have been explained in detail in the various editions of 
the Foresters' Manual (1927, 1952, 1964, 1973, 1981) 
and in the Pine Management Guide (CALM 1985). 
For both species, early management of plantations ( up 
to 1970) was exuemely conservative, mainJy because 
there was no market for early thinni.ngs. Up to then 
the closing of tl1e canopy was achieved at 6-7 years 
after planting depending on the site (Foresters' Manual 
1954). In 1970 a new prescription was implemented, in 
order to produce high quality timber on a short 
rotation by heavy, early thinning and high pruning of 
crop trees. The stand was reduced to its final crop 

15/9 13/10 8/11 1/12 10/1 6/2 7/3 4/4 2/5 
516 668 733 815 3007 2300 2710 1078 0 
989 1522 2198 869 1492 3433 51 1022 0 

15/9 13/10 8/11 1/12 10/1 6/2 7/3 4/4 2/5 
566 971 787 1014 1020 1119 2100 0 0 
2219 1940 1733 1766 3039 3619 1596 0 0 

13/9 11/10 9/11 6/12 3/1 7/2 7/3 4/4 
2270 847 665 358 192 223 142 2 
1612 582 804 1519 1715 94 159 0 

6/9 12/10 9/11 7/12 11/1 7/2 7/3 4/4 
3085 1981 2991 3936 2571 5306 1478 143 
3082 1729 2560 2647 2476 5212 2739 515 

stocking early in the rotation. For radiata pine the first 
thinning was to be carried out before the stand reached 
20 m ( c. 10 years after planting) to ensure wind stability. 

Delayed thinning and subsequent overstocking 
causes instability and susceptibility to windthrow 
reduced diameter growth rates and, in exueme cases, 
deatl1 from drought (Hopkins 1971; McKinnell 1971; 
Butcher and Havel 1976· McGrath et al. 1990). 

THE INTERACTION: /PS, BLUE STAIN FUNGI, 
DROUGHT AND PINE DEATHS 

Pinaster Pine 

Prior to 1970 Ipswas considered a problem in the 
men-opolitan plantations in its role as a vector of blue 
stain fungi, parti.mlarly Ophiostoma (syn. Ceratocystis) 
ips (RllIDb.) annf., into logs stored oo the ground 
(E. Hopkins', personaJ commt1nicatioo; see also Rimes 
1959 and Stone and Simpson 1987). This infection 
discolours sapwood, thereby degrading wood and 
depreciating its market value. 

Extensive drought deaths ofpinaster pine on sands 
of tl1e Swan Coastal Plain occurred after severe 
droughts in 1949-50 and 1976-77. During 1950-51 
there were many investigations at Gnangara into the 
causes but there was no mention of insects or Ips in 

' Dr E. Hopkins, formerly of Forests Depo�ment and Deportment of
Conservolion and Lond Management, Western Australia. 
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TABLE 3 
Plonling history of the lwo mo;or pine species in stote 
plantations in South-Western Auslrolia, lo 1990. 

PERCENTAGE OF HECTARES PLANTED BY YEAR SHOWN 

SPECIES 

RADIATA PIN 

PINASTER PINE 

1939 

36 

10.8 

1964 

15.1 

32.0 

1970 

ho 

27. l

53.2 

1980 

62 l 

81-8 

1990 

100.0 

100.0 

TOTAL AREA 
PLANTED lho! 

39 062 

29 346 

Compiled from Annual Reporls of lhe Foresls Deportment of Weslern Auslrolio and CAIM. 

Areo !ho) lthousonds) 
80 j 

I 

70' 
I
I 

60 I

50 

40 
I 

30 I 

20 

o�,- ............ "�+, .. ., .... , ........ � ·· ...... ,·�"-"'I .. � .... _ .•

1920 1930 1940 1950 1960 1970 1980 1990 

Year 

Figure 3. Arca 1mde1' pine plantation (Government­
owned) in Soitth-wcst Western Australia 1920-1990. 

particular. Deaths in .. omcrvillc plantation in february 
1961 were thought ro have been caused by moisture 
limitations in the shallow, limestone soils (yellow 
sands). However, for the first time Jpswas suspected ro 
have contributed. This plantation had suffered tree 
mortality in fertik (though shallow) sites over limestone 
at abou 7-10 years of age. This corresponded with 
canopy closure and full utilization of the site. The 
disorder was known as Au umn Brown Top and was 
common until thinning was introduced in the late 
1960s (Hopkins, personal communication). 

In June 1976, 4 per ent of9-year-old pinaster in a 
recently (April-May) thinned plantation at Yanchep 
experienced heavy attack by lps. During 1977-78 there 
was wholesale collapse of older, dense, healthy 
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plantations; fps was present on most of these trees as 
well as on less healthy ones ( Butcher\ personal 
communi1.:ation). Trees started dying from late May 
1977. All of these instan ·cs involved drought u1 
ovcrsrock1.:d stands. Also relevant is that pinaster pine, 
by virtue of its mode of branching, is vulnerable when 
fir t pruned at age 6-7 years. This pruning may nearly 
ring-bark fo: tree, and if dune in summer may result in 
irs tka h. 

Thus, in conclusion, no evidence was found on file 
to support the spet:ubtion that fps inkst.1tion resulted 
in mortality ofpinaster pine. However, the blue stain 
fungi associated with fps arc primary pathogens of pine 
as the}' disrupt the movement of water to the crown. 

Radiata Pine 

ignificant mortality of radiata pine and feeding attacks 
by Ipswere first recorded in 1970, and then in 1973, 
1980 and 1987-88. These events occurred primarily in 
overstocked stands and/or on sites susceptible to 
drought. Most of these stands and sites occur in the 
Black, ood Valley. Bridgetown, ituated in this valley, 
has a long term (1887-1990) average annL1al rainfall of 
837mm. ln the period 1929-1990 yearly rainfall has 
been below average 33 times, with the five drie t years 
being 1940 (509mm), 1969 (547mm), 1972 
(586mm), 1979 (596mm) and 1987 (555mm): 1940 
may be disregarded because there w,1s no plantation 
then in the Blackwood Valley, only isolated trees. ln 
addition, fps was probably not present then. ln 1969 
well below average rainfall coincided with Grnopy 
closure in man}' of tht:se plantations ( Butcher and 
Havel 1976). 

The 1970 and 1973 ummers each followed a diy 
winter. Up to three-quarters of the 13 to 14-ycar-old 
trees in overstocked plantations near annup died, 
mostly from the top down. fps attack of these usually 
followed the dying ti sue down the tree. A small, 

' T. Butcher, Research Scientist, Depo rtmenl of Conservolion ond lend 
tv\anogement, Como. 



unspecified, proportion of trees was attacked at the 
base, and these died more quickly due to Ips attack. 
Cuny ( tmpublished reports) doubted these wou ld have 
survived even in the absence of this attack .  The worst 
affected stands were recorded on north-facing slopes . 

In Apri l 1 970, 1900 ractiata trees were examined in 
three plantations near Nannup.  It was found that 12 
per cent were attacked by Ips in the lower 3 m ( 1 0  feet) 
of stem visi ble above ground level . Of the 30 per cent 
of the 1 900 trees which were green and as yet not 
noticeably affected by drought, fewer than 1 per cent 
were attacked by Ips. 

In  the summer of 1973 Ips attack of green , 
apparently heal thy, trees was recorded fol lowing 
thinning of 8 to 9-year-old plantations at Lewana. In 
the youngest plantation, thinned in the dry spring of 
1972 ,  1 1  per cent of the standing trees were attacked 
by Ips during summer following their breeding in the 
slash. These trees generally died from the base up after 
lps ring-barked tl1em .  In tl1e older plantations, thinned 
and pruned over summer, more than 30 per cent of tl1e 
standing a·ces died over me following year, after Ips 
attack in early autumn. Similar obse1vations were made 
in Mungalup (planted 1957 )  and Wellington 
( 1 961-62 ) plantations near Collie during the swnmers 
of l970-7 1 and 1971-72 (Shedley 1

, personal 
communication ) .  

Attack of  living trees was also reported i n  
plantations a t  Mundaring and Harvey. In  March 1 973 
Ips was recorded attacking live trees in plantations near 
Collie, annup and Mundaring. These were either 
recently minned 5 to 9-year-old stands or (at Col lie ) an 
unminned 9-year-old stand . In February 1980  a feeding 
attack by Ips was recorded on 8-year-old a·ees in 
Murray plantation near Dwellingup. This plantation is 
on steep, rocky slopes and had been progressively 
tl1inned and pruned since November 1979 . 

I n  May 1988 Morgan2 inspected a 1 7-year-old stand 
in Ferndale plantation which had experienced drought 
and wind damage in  December 1 987 .  Large 
populations of lps were present; some trees had dead 
tops witl1 Ips breeding in me lower bole and others still 
witl1 green tips had lps attack in tl1eir boles .  One a·ee 
was felled and revealed that a feeding attack had 
occurred to tl1e mid-crown level and al l branches had 
been attacked by Ips. Breeding had then progressed 
further down wim me most recent breeding in the 
lower bole .  

During 1 988 a broadscale sutvey of Blackwood 
Valley radiata pine plantations was carried out by 
McGrath et al. ( 1 990 ), following dry winters of 1 986 
and 1987 .  The presence/absence of Ips exit holes at 
breast height was recorded on each tree sampled. The 
percentage of trees witl1 evidence of Ips presence was 
0 .4  per cent ( l ive trees),  3 . 3  per cent {trees showing tip 
deatl1 ) and 70.9 per cent (dead standiJ1g trees ) .  A graph 
of ilie proportion of basal area in each plot infested by 
lps plotted agai nst me proportion of basal area showing 
drought stress symptoms (tip deam or dead) clearly 
indicates mat the proportion of trees infested wim Jps 

does not exceed me proportion of me basal area 
showing drought stress symptoms. This relationship 
supports ilie widely held view tl1at lps is not generally a 
cause of crown dieback or deatl1 of pines . 

The mechanism of the interaction between me adult 
beetle and me host tree was investigated by 
Witanachchi and Morgan ( 1 98 1 )  in Soum Australia .  
Resistant trees prevent continued boring of beetles 
through me bark by exuding resin in tl1e phloem .  In 
contrast, susceptible trees do not respond (mis also 
explains why felled logs or recently dead trees arc 
readily infested) . Du.ring drought, particularly on sites 
wi th sh_allow soi ls , on uppe r slopes and ridges and 
facing norili-east (McGram et al. 1990 ) ,  presumably 
me resin defence system of trees is insufficient to repel 
Ips, as are subsequent hypersensitive reactions of host 
tissues (see Fernandes 1 990 ) .  

CONTROL OF IPS 1 952-1 982 

Early research evaluated the efficacy of insecticides such 
as BHC, DDT, Chlordane, Dieldrin, Aldrin and 
NaPCP (Pirrett et al. 1953 ). Strips of pinaster pine 
stands at Gnangara were sprayed in May 1953  to 
examine whemer Ips beetles could be killed and if 
furtl1er attack could be prevented . A complementary 
study of logs sprayed witl1 i nsecticide was also 
conducted. Both studies concluded in December 1 953 . 

eimer study was succe sful because of faulty 
experimental design and non-quantitative recording of 
infestation. However, the auiliors' impression was tliat 
tl1e sprayed strips were less heavily infested than ilie 
untreated slash .  They concluded : 

It appears abw1dantly clear that spraying otl1er tlian of 
logs is impracticable and it would definitely be 
desirable to remove slash from the Plantation floor. It 
is realised that this is much too costly an operation, 
therefore the risk of a large reservoir of beetles in this 
s lash turning to live trees on exhaustion of slash 
feeding stocks must be taken for tl1e present. 
However, close watch should be kept, particularly on 
unthrifry trees and should attack occur, these and 
several other trees should be fel led to attract tl1e 
beetles and gradually reduce tl1eir numbers by 
exhaustion as is done in some parts of Europe. 

These aumors also suggested that a·ucks working 
unaffected plantations should not be allowed into 
affected plantation or timber yards or conversely, 
vehicles operating in infested areas should be kept out 
of unaffected plantations or tl1oroughly cleaned before 
entering mem. 

In 1957-58 ,  a fw·ther experimental study was made 

1 P. Shedley, formerly of Forests Department ond Departmen t of 
Conservalion and land Management, Western Australia , 

2 F . D. Margan, Department of Entomology, Waite Inst i tute of Agricultural
Research, Adelaide . 
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of protecting logs with inscccicidc ( Ri mes 1 959) .  uch 
protection was not implemented i n  plantation 
managcment. About the same time it was real ized char 
appropriate si lv icu l tu ra l techn iq ue wou ld  mi n im ize 
damage to plan tat ions. Rimes ( 1 959 and unpub l ished ) 
recorded thar lps is not a pri ma 1y pest of pi nes i n  
We  ·tern Austra l i a ,  i .e .  heal thy  t rees ;1 re no t  suscepti ble 
ro .1 ttack, though if  damaged by fire or other meam 
entry cou ld be made and reprod uc t ion could occ u r . 
Dead branches of he;ilrhy trees provide su i table.: 
b 1·ceding  si tes . The prompt removal or fi: l led trees, 
withi n 1 2  to 24 hours, was recommended . Bark 
removal at the t ime or fe l l i ng  wou ld make the l og 
un a t trnct ive tu lps, bu t  this was considered
uneconom ic.  In prac t i ce, the pol i cy adopted was to
removt: the logs from t h i nn ing within a few wecks i n
t h e  sum mer and :H1 t 1 1mn  months.

Cu rry reportcd that prcscri bed low i n tens ity li re 
cou ld ki l l  fps l iv ing i n  sbsh , but  on l y where the bark 
was charred . Removal of sl ash was probably more 
e ffective in the long term as it re moved the habirat 
req u ired by lps. U n lortu natc ly, fi n.: is of l im i ted use as a 
si lv ic u l tu ral techn ique bccausc of r he sens i t iv i ty of p ine 
trees to fi re . The pol icy i n  Western Austra l i a  i s  gencra l ly 
to exc l ude f i re from rad iara p ine  pla n tat ions and 
· u rrotmd them with fuel - reduced butlers .  However, i n
pinaster pi ne pbnrations older than 2 0  years, fuel
red uct ion is ca.�i ly carri ed out,  and appears to red ucc Lps 
popu lations ( McKi n ne l l 1

, personal  comm u n ica t ion ) .
The find i ngs of the early 1 970s s howed that e i ther  

the  combination of a dry winter with the presence of 
recent prun i ngs and rh i n n i ngs on the p lan tat ion floor 
or of a d 1y wint e r  with overstocked plantat ions resu l ted 
in heavy infcstarjon of trees wi th fps. The risk of 
d rough t and ensu ing tree morta l i ty i s  part i cu larl y great 
on shal low soi ls on steep rocky slopes, shal low soi ls and 
on north -faci ng  slopes. 

lkcau e fp.r is active from September to May, 
pru n i ng  ;rnd th inn ing of stands du ring th is  per iod 
shou ld idea l ly  be avoided un lc ·s the  s l ash can be 
promptly removed or mu lched . Any non -com mercia l  
th inn ing should be rest ricted to the period Apri l to 
August. Chem ical th inning i s  not recommended, as it 
resu l ts in large n umbers of dead standing trccs wh ich  
serve as  suitab le breed ing habitats f o r  lps. 

I n  summary, chemical i nscc r ic idcs arc succcssfu l but  
arc expensive and must be app l ied qu i ck ly after te l l i ng .  
Good si lv icu l t u rnl manageme nt ( th i n n i ng f o l l owed b y  
slash remova l through bu rn i ng o r  mace ration ) red uces 
the avai labi l i ty of breed ing subst r;1 rc for lps and 
prom otes hea l thy, v igorous trees ( eumann 1 987 ; 
Morg:m 1 989 ) .  I n  We tnn Austra l ia no burning is 
carried out i n  radiarn pine pla nt a tions ,  and no 
macerat ion is carried out  in pine pbntat ion . .  

CONTROL OF /PS 1 984-1 990 

Although the importance of th. i nning stands on 
schedule and the prompt dispo al of sla h is recognized 
as fundamental to the successful management of Ips, 
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provi ion of biological con trol agents wa thought to 

providc ex tra re omcc security ( Morg;1n 1989 ) . I n  
198 1 he gai ned pe rmission for the Wai te lns i ti t u te of 
Agricu l tura l Research to import s ·veral species of lps 
parasitoid and predators for l aboratoq, stud ies . The 
breed ing in the l abor:itory o fl argc n um bers of these 
biocon trol agents for re lease was firnded by the tare 
f·orcst se1viccs and p rivate pl ,rntat ion owners . 
Laborator studies showed , howeve r, that one of the e 
age nts, the parasitoid R optroccrns J..-ylopha�qorwm, rnrcly 
parasi t ized more than 5 per cen t  of the fps popuL1t ion 
(Samson .ind Sm ibcrt 1 986 ) . 

R optroccrus was released under  permit i n to sever.i i 
South Austra l i an p l an tat i ons in 1 982 ,  and was clearly 
csta bl ished thcre by 1 988  (Morgan 1 989 ) .  

I n  Western Austra l ia ,  the  fi rst rc l cascs of biocona-ol 
age nts (Ta ble 4) took pla e at Gnangara i n  ovc mbcr 
1 984 .  I n  1 988  a prcsaipt iun for rc ic;1se of predators 
and parasi toids of Tps in Western Austra l ia was written ,  
based l a rgely 0 1 1  a fie ld manua l  prepa red by F . D . 
Morgan and S .A. Lawson i n  South Austr;1 l i.1 . R.cka. cs 
term i nated in May 1 990 .  Roptroccr,u h,1d c learly 
c tab l ishcd i n  G nangara by March 1 98 5  when two 
ad u lt Roptrocerus wa -ps emerged from caged b i l l e ts .  I n  
1 988 R optrocenis adul ts  we .re detected i n  Gnanga ra and 
fcrnda lc plamations and also i n  a private ly owncd 
plantation ( Loe 8476 ) c. 2 km norrh of D., l garup 
Brook between Grccn bushcs and Brid getown ( Morgan ,  
personal comm un ication ) . R optroccrus had never been 
released in the l atter two plantat ions .  To provide extra 
gcnct ic d iversity more R optr11ccrus were i n trod uced i n  
1 989-90 (Ta bles 5 ,  6 ) .  

I n  May 1 990 two U . S .  entomologists, W. Be t·isford 
and D. D·.1h lstcn ,  vis i ted several release ires in Ferndale 
pla ntation . They found t:vidence only of Roptroccrtts 
having cstabl ishcd . Furthermore , rudics of caged radiata 
p ine bi l lets col l ected from Ferndale ( D2 ) and Pin jar 
( compartment  27)  plantat ions have conc lus ively proven 
that only Roptroccru.r has establ ished . Bi l lets were 
co l lected from rcccn tly th inned stands i n  May 1 990 and 
caged un ti l  November 1 990 . Roptroccrus was found to 
have parasi tized on average only about  5-6 per cent of 
the Ips popu lat ion (Table 7), with considerable variation 
between the 19 caged samplcs evident .  
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TABLE 4 
Biocontrol agents released in Western Australian pine 
plantations 1984-1990. 

SPECIES ORDER 

Dendroso/er sufcotus Mues. Hymenoptero 

Roptrocerus xylophagorum (Rotz./ Hymenoptera 

Thanosimus dubius (Fob.) Coleoplera 

Temnochila virescens (Fob.) Coleaptera 

TABLE 5
Numbers of biocontrol agents sent to, and released in, 
Western Australia joduh moles, females, larvae, eggs). 

YEAR Dendroso/er Roptrocerus 

M F M F 

1984/5 120 329 194 325 

1987/8 

1988/9 153 1425 

1989/90 40 428 878 1223 

TOTAL NO. SENT 169 757 1225 2973 

TOTAL NO. RELEASED 147 663 933 1985 

FAMILY FUNCTION ROLE 

Braconidae North American porasitoid of fps larvae 

Pteromalidae Narlh American porasiloid of fps larvae 

Cleridae Norlh Americon predator of fps larvae and adulls 

T ragassifidae Norlh American predator of fps larvae and oduhs 

Thanosimus Temnochila 

M lARVAE EGGS M F lARVAE EGGS 

150 150 

60 60 

414 84 11 l 3620 500 

137 150 8 3137 70 100 4 12005 

287 300 422 3137 214 271 3624 12505 

139 146 414 2791 ? ? 2020 48104 
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TABLE 6 

Sites where biocontrol ogenls were released in Western 
Australia, together with dotes of releases and numbers 
released. 

SPECIES RELEASE DATES PLANTATION NUMBERS RELEASED 

Dendrosoler 09.01.85 - 10.04.85 Gnangara Adults 98M, 235F 
25.04.90- 10.05 90 Ferndale D 49M, 428F 

Roplrocerus 28.11.84- 10 04.85 Gnongora 158M, 325F 
27.01.89 Ferndale C 38M, S0OF 
08.04.89 Balingup 40M, 150F 
1989 Dalgarup Not recorded 
28 03.90 Ferndale B Adults 55M, 94F 
20.04.90 - 03.05.90 Ferndale D 567M, 625F 

Thonosimus 24.09.84 - 30.04.85 Gnangara 132M, 132F 
11.01.89 Ferndale C Larvae 140 1 st inslar 
27.01.89- 17.03.89 Southampton 274 " .

10.01 .90- 25.04.90 Ferndale B Eggs 3806 
Adults 5M, 6F 

28.03.90- 03.05.90 Ferndale D Eggs 785 1 st lnstar 
Adults 2M, BF 

Temnochilo 21.12.88 - 08.04.89 Ferndale C Larvae 1460 1st Ins tar 
100 mature 

Adults 69M, 91F 
Eggs 300 

1988 Pinjar Adults 50M, 60F 
03.03.89 Balingup Larvae 300 1st lnslar 

Adults l0M. 20F 
17.03.89 Southampton Larvae 160 1st lnstor 
1989 Dalgorup Eggs Nol recorded 
05.01.90 - 25.04.90 Ferndale B Eggs 4068 

Ferndale D Adults 7 

Eggs 442+ 
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TABLE 7 

Abundance of lps beetles and Roptrocerus wasps emerging 
from caged billets or pine IU, Mand L refer to billets taken 
from upper, middle or lower bole). 

PLANTATlON SPECIES TYPE AND NO. OF 
BILLETS PER CAGE 

PINJAR Pinaster U4 
U7 
U7 
U8 
U7 
U6 
M4 

�ons 

FERNDALE Rodiota U4 
U6 
U3 
U5 
U4 
U4 
U4 

U/M 5/l 
M5 
M3 
M3 
L2 

Means 
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NO. lps PER NO. Ropfrocerus PER % PARASITIZATION 
1 03 cm 2 OF BARK 10' cm1 OF BARK 

89.8 7.5 8.4 
27.3 1.9 7.0 
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Growth of Populus deltoides and some related clones in

the south-west of Western Australia 

Science and Information Division, Department of Conservation and 

Land Management, Research Centre, Bussclton 6280, Western 
Australia 

ABSTRACT 

In 1972, an unreplicated trial of seven selected clones 
of poplar, (Popnlus deltoides Baru·.ex Marsh and Populus 
euramericana (Dode) Guinier) was planted near 
Balingup in the south-west of Western Australia. 

The trial aimed to demonstrate the growth 
performance and timber potential of the clones on a site 
previously used for grazing, and was considered to be 
excellent for timber growing in W.A. Clones planted 
were: 

'I-214' 

'I-154' 

'l-488' (I-year-old sets) 

'l-488' (2-year-old sets) 

'G-48' 

'Canberra' 

'Bassendean' 

'Angulata' planted 1973 

Trees were planted at 5 m by 5 m spacing ( 400 
stem ha- 1) in 1972 and were thinned to approximately
235 stems ha-i in 1984 at 12 years. Final pruning was 
carried out at 11 years to a height averaging 9.8m. 

By age 19.2 years, 'I-488' (1-year-old set) produced 
the largest volume (136m' ha-1) in the pruned section
of the tree and 'Angulata', the smallest (59m' ha-1). At
this age, 'I-488' also attained the best height of 20m 
and was ranked third in diameter (28.4cm). 

A visual assessment of tree form showed that the 
clones, 'G-48', '1-488', 'Canberra', 'I-154' and '1-214' 
had acceptable log straighmess and therefore were 
utiHzable for millable timber. 

Milling of two logs from trees at 13.5 years gave 
recovery rates of 31 per cent of high grade rim ber 
(furniture and select). 

Overall, the poplar dones that showed the most 
potential in terms of growth and log quilicy were 'I-
488' and 'G-48'. 

R. A. HINGSTON 

INTRODUCTION 

World-wide, poplars (Populusspp.) have been grown 
extensively in plantations and as ornamental, amenicy or 
shelterbelt plantings. They have been used to stabilize 
hillsides and river banks in New Zealand (Pryor 1969). 
Shelterbelts of poplars have been shown ro increase 
productivity in beef cattle by 20 per cent because of 
higher protein and mineral levels when poplar leaves 
were used as fodder (Reid and Wilson 1985). Treeby 
(1978) also f0tmd that poplar leaves are a useful fodder 
crop supplement for livestock. In Austrilia, most poplar 
agroforestry has been aimed at combining wood 
production with grazing beef and dairy cattle (Reid and 
Wilson 1985). Timber from poplar is used for match 
splints or woodwool and skillets, pulp, peelers, furnirure 
or general pmpose sawlogs (Pryor 1969). 

In 1972 an unrepiicated demonstration trial was 
planted with seven clones of hybrid P. deltoides near 
Balingup in the soutl1-west of Western Australia, witl1 
the aim of demonsu·ating tl1e growtl1 potential of 
commercial clones of P. deitoides. 

METHODS 

Establishment 

The trial area was located on brownish fine sandy loams 
over yellowish-brown sandy loams at 50 to 60cm 
depth, adjacent to the Balingup Brook. The site was 
ploughed prior to planting in 1972. Spacing was 5 m by 
5 m ( 400 stems ha-1) in a grid pattern of 7 by 7 trees
(for most plots) in an area ofl.2ha. 

Clones planted were: 

'1-214' 

'1-154' 

'1-488' (1-year-old sets) 

'1-488' (2-year-old sets) 

'G-48' 

'Canberra' 

'Bassendean' 

'Angulata' (planted 1973) 
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The clones ' I -2 1 4' ,  ' l - 1 54' and ' l -48 8' a1·e hybrids 
derived from crossin g  the two bbck poplar species,  
Popnlus deltoides and P. nigra. P. deltoides is nat ive to 
northern America whi l e  P. nigra is from Europe . These 
clone ,He general ly known as P. 'euramericana ( Pryor 
and  Wi l l i ng 1 98 3 ) and have the I nternational Popbr  
Commission regist 1· ,nion n u m bers . " he c lone, 
'Angu la r-a' , is P. dr:ltoides su b  p . angulatri. ' -48 '  is 
based on a seed l ing of P. dcltoides from Texas ( l 'ryor 1

, 

personal con 1 1m1 1 1 ii:at io n )  and was p rod u ced by the  
Federa l  M ati: h Company i n  eastern A ustra l i a .  

'Can berra' a n d  ' lfassendean ' :1 rc local Austra l ian 
c l ones o f u n k now 11 0 1· igi n .  A l l  c lones planted i n  rhc tria l 
were d ei:idu ous. 

Cutt ing m.1 t e r i a l  was obta ined by the eed tore of 
the then W.A.  Fores t s  Dcµartmc n t ,  and the origi n of 
the m ateri a l  i s  u ncertai n ( Dal ton7 , person:1 1
i:omnrnnication ) .  The cutt ing material was set i n to 
nurser ies at We. t M anj i m u p  and :111 n u p µnor o 
p l anting ou t  i n  1 972 or 1 973 :1s bare- rooted c u tt i 1 gs 
( b;1rbatcl l es ) . Owing to poor i n i r i :i l  su rviva l in 1 972 i r  
was decided t o  repbi:e :i p l o t  of ' 1 -488'  ( I -year-old 
set s )  w i th 'A n gu lata ' cutt i ngs he ta l lowi n g  year . 
Another plor of ' 1 -488' ( 1 -ye:ir-ol d se t s )  was re tai ned 
a nd m< st other plots were also i n  fi l led i n  1 973 .  

Prior t o  repl ant ing i n  1 973, the  s ite was  rcplou ghed 
and :in attempt was m;idc to con t rol weeds (wi l d oats, 
A 1 1ena spp . · k i kuyu gr;iss, Pennismrn ciandcstinuin; 
..:ouch,  Cyn11don dactyiori; and paspal u m , Pcopalum 
dilntatu1n) by boom sprnyi ng 'Vorox AA' ( 320 g L '  
am i t rolc and 32 0 g  L· ' at razinc ) at 9 kg ha ' . H owever, 
only the western ha lf  of the plot was sprayed becaw;e 
the othe r was too wet for tracror access .  

Fertilizing 

Two months , R:cr infi l l ing in 1 973, al l  t rees received a 
spot appl icat ion of Agras 1 8 :  1 8  ( 1 7  . 5  per cent , 7 . 6  
per cen t  P, 600 p p m  Zn ,  1 6  per cent ) at 500 g/trec .  
The  tr ia l  a lso received rhe  followi ng broadcast 
appl icat ions: 

( 1 )  ,1ge I L . 8 yean? ( 1 98 3 ) - supcrphosp ha te ( 9 . 1 
per cent r, 1 0 . 5  per cent  S) :ir 1 00 kg ha ' . 

( 2 )  age 1 3 . 2  years ( 1 98 5 )  - Agran 34-0 ( 34 pe r 
cen t ) at 440 kg h:i ' .  

Fu rther appl ica t ions o f  fert i l izer 1 1 1 ,1y h,1vc occu rred 
because the ·. 1re,\ w:is lc :1sed for sheep  grni n g from
1 978 to 1 990 .  

Previous fe rti l i zer history is u nknown , however, the  
si te pro bab ly  received some rcrti l izcr d u ring i t s  period 
,1s a gr.1zing property . 

Tending 

Fou r  months .,fter planti n g  i n  1 972 , pn111 ing of s ide 
branches was carried o ut to encollrnge a domi nant  
leader and remove potential defects. 

At 3 . 1  and  6.2 year , prw1 ing to half tree height was 
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carried out .  Tree height at the latter age wa 7 to l O m . 
At 1 1 . l ye;:irs, trees were pruned co a 1 0 cm stem 

d iameter, or to :i point :it wh i ch  m u l i - lc;iders or 
m;il form;itions occu rred . Epicormic hoots were a lso 
removed at his st;igc. A fur her pru n ing to I O  111 

occu rred at 1 2 . 3  years using  a 'Squ i ffcl ' ,  a mobi l e  
hyd ra u l ic pru n i n g  plat f orm, and cpicorm ic shoors were 
:iga in  re moved from r he bole sec ion .  P ru n i ng to I O  m 
was ;1 i mcd at p rod u cing a h igh q u a l i ty knot- free s,1wlog.
Above th i s  heighr, the  rree was conside red tu be non­
merch:in tablc, owing to ma lformat ions , k inks  large 
branch es or gene r:1 1 crown develop ment .  To m;1 i n ta i n 
rhe kno - free .� ;1wlog ohjcc ive, it W,\S necessa ry to 
remove epicormic s hoot.� t hc rca l i·cr a t  1 1 . 1 ,  1 2 . 3 ,  1 3 . 5 ,  
1 4 . 5 ,  1 5 . 5 a n d  1 8 .2 ye,us. The ' q u i rrc l '  was used i n  .1 1 1  
i nstances, except ;u age 1 5 . 5  years w h e n  a 7. 5 111 
polcs;iw w,1s u sed . 

'I b i n n i ng was c1r r ied out :it 1 2 . 8  yc;1rs, red l 1c ing 
overa l l  s tocking by 27 per crn t ( sc · Table I ) Popi .  1· 
s t u m ps were sprayed \.Vi t i ,  ,1 I O  pn cent sol u t ion of 
' Roundup '  he rbicide (gly1 hosate 360 g L ' ) to prevent 
co1 p ie ing.  tfocalypttu rndis regrow t h  was ,1 lso ti.: l l ed at 
t h is r ime :ind st u mps trc,i red the s ,1 1 1 1\: ;1s  those of 
pop l:irs .  Stock i ng  r:itcs before :in d  ,1 frer t-hi n n i n g  arc 
shown on T:iblc I ,  and su rvival perccnt ;1ge ,1 t c h is age is 
,1 lso prese n ted . 

Mensuration 

In Nove m be r  1 978 (6 . 3  years )  five t rees we re r,rndomly 
sclccted with i n  each plot , and total heigh t and d i a meter 
at breast height over bark ( d . b .h .o . b . ) were measured . 
These para me t e rs were measured aga i n  th ree years late r  
a t  9 . 3  years .  Measure ment plots were establ ished i n  
1 984 ( 1 2 . 3  years ) .  Plots 1 tO 6 a n d  9 were 24 m x 24 m 
( 0 .06  ha ), Plot 7 w:is 1 9 1 1 1  x 1 9 m  ( 0 .04 ha), a nd plot 8 
was 22 m x 1 4 111 ( 0 . 03 ha ) .  Mc:ismc mcnt pl ots had a 
one- row, one- tree bu ffer be tween µl ots . O . b. h .o . b . was 
measured at 1 2 . 3 ,  1 3 . 3 ,  t S . 2, 1 7 .2 and l 9 .2 years and 
tree he ight  was meas med at 1 2 . 3 ,  1 5  .2 and 1 9  .2 years . 
Volume of the pru ned sect ion of trees was est im.lted at 
l 9 .2 yc:irs, usin g mal i:in 's method ( Carron 1 968)
where d . b . h . o . b .  was  usc.:d as the b u tt measure ment .
Crown d iameter over bark was measured at the  top c.:nd
o f  the pruned bo le  ·,weragc heigh t  a t  9 . 8  111 . 

Form Assessment 

A visua l  assessmem of tree f o rm was  rnrried ou t  when 
the stand was 1 9  .2 years old, ro d e termine wher hcr 
there were any d i tk rcn ccs bcn een  c lones hat wou ld  
downgrade thei r com merc ia l  t imber poten t i a l .  form 
was detined :is the  degree ohtra ighmess wi t h i n : ( a )  
B utt sect i on - fro m  ground level to 2 . 5  111 heigh t; and

1 Emer i lus Prolesso1 . Pryor, C/· Auslrolion Noliono l Un ivers ity, 
Conber10. 

' Mr M Dol 1on, Depor1menl of CAIM. Monj imup. 
1 Ages used in lhe teKI are bosed on in i l io l plon l i ngs in 1 972 . 



TABLE l 

Surv ival percentage a nd stock ing rotes before and ofter 
th i nn i ng of 1 2 . 8-year-old P. delfoides clones . 

CLONE OVERALL SURVIVAL 

1-488 
1 1 -YEAR-OLD SETS) 

1-48 8
12-YEAR-OLD SETSI

BASSENDEAN

1-5 1 4 n 1°

1-5 1 4 12)0 

G-48

�2 1 4

ANGULATA 

CANBERRA 

MEAN 

0 Repl icates 

!%) 

BY 1 2 . 8  YEARS 

96 

84 

96 

74 

8 3  

87  

87  

87  

39  

8 1

STOCKING 
!s tems ha- 1 )

PRE-THIN POST-THIN 

382  260 

330 243 

382 243 

295 243 

332 249 

349 2 22  

347 260 

347 243 

1 56 1 56 

324 235 

( b )  stem section - from 2 . 5  m to crown height. Trees 
had been pruned previously from 8 m to 1 1  m in height 
(as discussed in 'Tending ' ) .  

The butt and stem sections were assessed on  a 1 to 
4 scale where: 1 = perfectly straight log section; 
2 = s l ight - some minor log sweep or deviation; 
3 = moderate - some kinks, stem sweep or 
malformation; 4 = severe - considerable nu mber of 
kinks, some wobble or sweep and nnmerous 
malformations (includi ng twist, bends, bumps) .  The 
amount of sweep or unacceptable stem malformation 
( based on visual appraisal ) is directly related to sawlog 
potential of logs . Classes 1 and 2 would therefore 
prodnce ideal long length sawlogs, but class 3 would be 
confined to short lengtl1 sawlogs. Most trees in Class 4 
would be nnmercbantable owi ng to unacceptable sweep 
or maJfonnations. 

Mill Study 

Two 2 . 6 m  logs from 1 3 . 5 -year-old trees from ' I-488 '  
(p lot  9 )  were sent to  the  Department's Wood 
Util ization Research Cen tre at Harvey for a sawmill 
study. Smal l  end diameter under bark was 17 and 1 8 cm 
and large end diameter under bark was 1 9  and 22 cm 
respectively. 

The logs were cm 'heart-in' using tl1e twin edger, 
band-saw and circular re-saw into 25 mm thick boards 
witl1 75 mm,  100 mm or 120 mm width. Followi ng 
cutting, i lie boards were placed in a low temperanu-e 
tunnel ki ln and dried at ambient temperatures for 1 1  

weeks to below fibre saturation point. Following initial 
pre-drying, the boards were combined wim a regrowth 
jarrah (Eucalyptus marginata) bundle and seasoned to 
equilibrium moisture content in the laboratory high 
temperature kiln using a conventional d1ying schedule . 
Board bow and spring wei-e measured after sawing, after 
tm111el kiln drying and after high temperature ki ln 
drying. The boards were graded using the Western 
Australian Indus□y Standard for furniture timber 
( Forest Products Association(W.A. ) ) 1 98 5  and 
Australian Standard 2796 - 1985  (Standards 
Association of Australia 198 5 ) .  

Analysis 

D . b .h.o. b .  and tree height data were analysed using 
analysis of variance, and comparisons between clones 
were made using least significant differences (L.S . D . ) . 
Analysis of these parameters was done on a single u·ee 
basis owing to the lack of replication of clones and tl1e 
fact tl1at the data were normally distributed . The basal 
area per ha data were not analysed owing to lack of 
replication .  

RESULTS AND DISCUSSION 

By 6. 3 years diameter growth trends of 'I -48 8' ( botl1 
sets ) ,  'Bassendean' and 'l- 5 1 4'(Plot 5) clones were 
better than otl1ers, averaging 12 .6  to 1 1 . l  cm (Table 2 ) .  
This trend also continued to 9 . 3  years. The best 
diameter increment over tl1is period was achieved by 
'I-488 '  ( 1 -year-old set)( 6 .7  cm) .  

Height growth trends were also similar by  9 . 3 years 
wi th 'I-488'  ( 1 -year-old set) ( 1 3 .8 m ) ,  ' I -488'(2 -year­
old set) ( 1 3 .2 m )  and 'Bassendean ' ( 1 2 .0  m) .  

By 12.3 years, the mean diameters of 'G-48', 'I-488 '  
( both plots, 'I - 1 54' ( Plot 5 )  and 'Bassendean' were 
significantly larger ( P<0 .05)  tlun other clones (Table 
3 ) .  This diameter trend continued at 1 5 .  2 years except 
tl1at 'Canberra' and the above clones were significantly 
larger (P<0. 05)  than 'I- 1 54', 'I-2 14' and 'Angulata' . 
By 19 .2 years, t l1e mean d iameters of 'Canberra', 'G-
48' ,  'I-48 8 '  ( both plots), 'I - 1 54' ( Plot 5) clones were 
significantly larger ( P<0 .05)  than ' I - 1 54' ( Plot 7 ) ,  
' I -2 14' and 'Angulata' c loaes (Table 3 ) . At this age 
( 1 9 .2 years), 'Canberra' had the largest mean diameter 
at 29 .9 cm,  and 'Angulata' the smallest at 2 1 . 3 cm .  
Basal area trends also followed tlus growtl1 pattern over 
the same period ( 1 2 .2 to 1 9 .2 years) (Table 4) .  

The basal area mean arurnal incremen t (M.A.I. ) of 
' I-488 ' ( I -year-old set) at 1 9 . 3  years was the best clone 
with 0 . 89 m' ha·1 per year and 'AnguJata' the worst with
0 .45 m' ha-1 per year. Although the u·ee stocking was 
low ( 1 56 stems ha·1 ) for the 'Canberra' c lone,
compared with otl1ers, its basal area increment at 1 9  .3 
years was simi lar  to 'I-488'( 2-year-old set ) ,  
'Bassendean ' ,  ' I -2 1 4' and 'I- 5 1 4'(one replicate ) . 

Tree heigh t of 'I -48 8 '  ( ! -year- old set) at 1 9 . 2  years 
was sign ificantly larger ( P<0.05 ) than 'Canberra', 
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TABLE 2 
D.b.h.o.b. and height of P. deltoides increments from 6.3
and 9.3-yeors-old (based on 5 trees per plot).

CLONE D.B.H.O.B (cm) HEIGHT (ml 
6.3YRS 9.3YRS INCREMENT 6.3YRS 9.3YRS INCREMENT 

1-4 88 ( l -YEAR-OLD SETSI 11. I 17.8 6.7 9.3 13.8 4.5 

1-488 12-YEAR-OLD SETSI 12.6 18.2 56 9.9 13.2 3.3 

BASSENDEAN 11.8 16.4 4.6 9.1 12.0 2.9 

1-154° 11.5 16.7 5.2 8.0 l 1.8 3.8 

CANBERRA 9.2 15.3 6.1 7.6 11.7 4.1 

G-48 9.8 15.0 5.2 8.1 I 1.5 3.4 

1-214 8.9 13.9 5.0 6.8 10.8 4.0 

ANGUlATA 8.8 12.6 3.8 7.1 10.8 3.7 

1-154° 9.0 13.3 4.3 7.0 9.9 2.9 
0 Replicales 

TABLE 3 
Tree D.b.h.o.b. incremenls of P. delloides clones from 12.3, 
15. 2 and 19. 2 years (based on plots).

CLONE D.B.H.O.B. (�m)0 INCREMENT (cm) 
AGE [YRS)

CANBERRA 

G-48

1-488 { 1-YEAR-OLD SET)

l·l54C

1-488 (2-YEAR-OLD SET)

BASSENDEAN

l·l54C 

1-214

ANGULATA

12.3 

18.3AB 

19.7A 

20.0A 

18.8A 

19.6A 

19.7A 

l5.5BC 

15.BBC

l5.3C

15.2 

23.0A 

24.0A 

24. IA

22. lA

23.5A

22.7A

19.38

190B

18.3B

19.2 1ST 2ND 

29.9A 4.7 6.9 

28.6A 4.3 4.6 

28.4A 4.1 4.3 

27.3A 3.3 5.2 

26.8A 3.9 3.3 

26.0A 3.0 3.3 

22.9B 3.8 3.6 

22.SC 3.2 3.5 

21.JC 3,0 3.0 

u Common copital letlers indicate non-significant differences o! P<0.05 level b Since initial planting in 1972. c Replicates. 

'Bassendcan', 'I-154' (both plots), 'Angulata' and 
'l-214'. 'Angulat:i' tree height was significantly larger 
(P<0.05) than '1-214' and 'I-154' (Plot 7). By 19.2 
years, 'l-488' (1-ycar-old set) attained the largest mean
height at 20.l m and 'I-154' the smallest mean height 
ofl5.4m (Table 5). 

The clone 'I-488' (1-year-old set) produced the 
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largest over bark volume (135.9m� ha· 1) in the pruned
section of the tree and 'Angulara' the smallest 
(59.lm 3 ha· 1

) by 19.2 years (Table 6). 
As essrnent of external form characteristics showed 

that for the butt sections, of clones 'G-48', '1-488' (both
sets)',' anberra' and 'I-154' (both reps) all trees were in 
the straight and slightly affected classes (Table 7). 



TABLE 4 

Basal area incremenls, MAI. and stocking of P. deltoides

clones from 12.3 lo 15.2 and 19.2 years. 

CLONE BASAL AREA [m2 ho-') 
AGE (YRS) 

12.3 15.2 19.2 

1-488 ( 1-YEARDLD sEn 8.6 12.3 17.l

1-154° 6.9 10.4 14.4 

G-48 6.8 10.1 14.2 

1-488 [2-YEARDLD SETI 7.5 10.7 13.9 

BASSENDEAN 7.6 10.0 13.2 

1-214 5.3 7.7 10.8 

1-154° 5.0 7.6 10.8 

CANBERRA 4.5 7.6 10.8 

ANGULATA 4.5 6.4 8.7 

0 Replicates 

TABLE 5 

Tree height of P. deltoides clones at 1 2. 3, 15. 2 and 19. 2 
years. 

CLONE PLOT NO. 

1-488

G-48 8 

1-488 9 

BASSENDEAN 3 

1-154 5 

CANBERRA 6 

ANGULATA 2 

1-214 4 

1-154 7 

12.3 YRS 

14.2A 

14.3ABC 

13.7A 

14.3AB 

13.5ABCD 

13.0BCD 

l2.8CD 

l l .6DE

10. lE

HEIGHT (m)0 

15.2 YRS 19.2 YRS 

17.5AB 20.lA

18.lA 19.7AB 

17.4AB 19.6AB 

16.7ABC 18.7B 

16.lCD 18.6B 

16.2BCD 18.6B 

l4.9DE l6.9C 

14.2E 15.5D 

14. lE 15.4D 

° Common copitol lerters indicate non-significant differences o 
p<0.05 level. 

However, 57 per cent of the butt sections of 
'Angulata' trees were in the moderate and severely 
affected class. The percentage of trees in the stem 
section of the following clones were in the straight and 
slightly affected classes: 'G-48' (100 per cent), 'I-488' 
(2-year-old set) (93 per cent), 'I-488' (1-year-old set) 
(80 per cent) and 'I-214' (93 per cent). 

INCREMENT MAI. TREE STOCKING 
(19.2 YRS) (19.2 YRS) 

1ST 2ND Im' ho·• /yr) PER HECTARE PER PLOT 

3.7 4.8 0.89 260 15 

3.5 4.0 0.75 243 14 

3.3 4.1 0.74 222 7 

3.2 3.2 0.72 243 14 

2.4 3.2 0.69 243 14 

2.4 3.1 0.56 260 15 

2.6 3.2 0.56 249 9 

3.1 3.2 0.56 156 9 

1.9 2.3 0.45 243 14 

Green sawn recoveries for the two logs milled were 
59.2 and 56.6 per cent respectively. The graded 
recovery rates of board grades in the study were: 
Fw-nirure, 30 per cent; Select, 1 per cent; Standard, 30 
per cent; Utility, 29 per cent. Reasons for downgrading 
of boards included the following faults: 

Grade 

Select 

faults in board 

heart and knots 

Standard heart and knots, sapwood and wane 

Utility heart and knots, wane, undersize 

In terms of diameter growth by 19 .2 years (Table 
3), 'I-488', 'Canberra', 'I-154', 'G-48' grew 
significantly larger than otl1er clones, ranging from 
26.80cm ('l-488' Plot 1) to 29.90cm ('Canberra'). 
The 'I-488' (Plot 1) clone also grew tl1e tallest, 
reaching a height of 20. l m. By contrast, 'I-488' (Plot 
9) done produced the largest over bark volume in the
prw1ed section ( 136 m 3 ha-•), followed by the same

-1 

clone (Plot 1) which produced 117 m3 ha
Altl10ugh the analysis of diameter and height 

showed significant differences benveen the clones, this 
is probably an unfair estimate on tl1e performance of 
tl1em due to lack of replication, low numbers of trees 
analysed (Table 4), and site variation. 

Based on external characteristics (witl1in the butt 
section of the tree), all clones had greater than 86 per 
cent of utilizable timber, except for 'Angulata' whjch 
had only 43 per cent of ilie butt log utilizable ( form 
rating 1 and 2 ). Within tl1e pnmed stem section of the 
tree, 'Angulata' and 'Bassendean' were consjdered to 
have unacceptable sweep with 50 per cent and 64 per 
cent respectively. 
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TABLE 6 

Overbark volumes0 lmJ ha-1) of pruned log sections and
pruned bole lengths of 19.2-year-old P. deltoides clones. 

PLOT NO. VOLUME 
(pruned log) 

Im'! Im' ho 'I 

1-488 9 7.83 135 8 

1-488 6.76 117.39 

G-48 8 3.37 107.09 

1-154 5 5.90 102.36 

BASSENDEAN 3 5.35 92.95 

CANBERRA 6 4.61 80.02 

1-214 4 4.26 73.99 

1-154 7 2.63 72.77 

ANGULA A 2 3.41 59.13 

a Volumes colculoled by Smolion's method. 

TABlE 7 
Stem form wilhin bull and slem seclions of 19. 2-yeor-old 
P. deltoides clones.

CLONE FORMClASS0 BUTT SECTION 

G-48 

1·488 

1-214

1-488

CANBERRA 

1-154

1-154

ANGUIATA 

BASS EN DEAN 

° Form Closs: 

P/N % OF TREES 
2 3 

8 71 29 

93 7 

4 13 73 7 

9 87 13 

6 56 44 

7 44 56 

5 64 36 

2 7 36 36 

3 29 64 

Bull section - ground level to 2.5 m 
} Stem section - 2.5 metres to crown (l0rn) 

1 = perfectly stro;ghl log section. 
2 = slight - some minor log sweep or molformolion. 
3 = moderate - some kinks, stem wobble or malformation. 

4 

7 

21 

7 

Pruned 
Log 

STOCKINGa M.A.l.
PRUNED LOG 

lslems ho '! Im' ho' yr'! 

260 7.04 

243 6.08 

222 5.65 

243 5.30 

243 4.82 

156 4.15 

260 3.13 

209 3.77 

243 3.06 

STEM SECTION 
% OF TREE 
2 3 4 

57 43 

33 60 7 

33 60 7 

33 47 13 7 

67 22 11 

67 11 22 

7 57 22 14 

50 29 21 

36 57 7 

4 = severe - considerable number of kinks, stem wobble or sweep, or numerous malformations. 
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PRUNED 
BOLE LENGTH 

1ml 

11.0 

11.0 

9.8 

10.0 

9.6 

10.0 

8.1 

9.3 

9.7 

NO. OF STEMS 
ASSESSED 

7 

15 

15 

14 

9 

9 

14 

14 

14 



Utilization of the two clones would therefore be 
limited to short, rather than long log sections owing to 
downgrade. 

OveraU, the ' I -488' clone produced the best growth 
and potential of all clones tested . Pruned volumes from 
trees in the 2 plots were 1 36 ( Plot 9) and 1 1 7 m3 ha- 1

. 

The 'I-488 '  clone also had some moderate and severe 
stem sweep or malformations, which was mostly the 
result of the earlier removal of part of a fork during 
pruning. 

The fact tl1at tl1e 'Canberra ' done grew best in terms 
of diameter is probably the result of the low stocking of 
tl1e plot, which had been growing at 1 56 stems ha- 1 

from an early age following poor initial survival . Basal 
area by 1 9 .2 years was low at 1 0 .8 m2 ha-1

• Its volume 
production by thjs age was average, attaining 80 m3 ha- 1 

witl1in the pruned section. The butt section was fully 
utilizable, while the stem section wa 67 per cent 
utilizable, based on external visual assessment. 

The two plots of the ' I - 1 54' clone had similar tree 
form but growtl1 parameters varied . This was probably 
owing to site variation between the plots and the 
heights reflect tl1 is: Plot 5 was 1 8 .6 111 by 19 .2 years , 
whereas Plot 7 was significantly lower (P<0.05 )  at 
1 5 .4 m . Only 9 trees were measured in Plot 7 compared 
with 14 in Plot 5 .  

The 'G-48 ' clone produced one of tl1e best 
volumes ( 1 07 m3 ha- 1 ) and had 100 per cent u til izable 
timber in the butt and stem sections of the pruned 
bole . The stocking rate of 222 stems ha-1 for the 'G-48' 
plot is deceiving, however, as tl1ere were only seven 
trees measured, owing to small plot size . Tlus is 
probably too low to fairly assess the potential of tl1e 
clone . By 19 .2 years, thjs clone ranked third in basal 
area ( 14 .2 m2 ha-1

) and second in d .b.h.o . b .  ( 2 8 .6 cm ) .
As well as demonstrating poor tree form, 'Angulata' 

grew the slowest, and by 19 .2 years had produced a 
volume in the pruned section of 59 m3 ha-1

, and grown 
to a height of 1 6 .9 m. Basal area was tl1e lowest of the 
clones tested at 8 .7 1112 ha- 1 . 

Although ' I -2 1 4' demonstrated slower ruameter and 
height growth than most other clones except 
'Angulata' ,  it has potential for commercial timber 
production as it has straight butt and stem sections . By 
1 9 . 2  years, it had grown to 1 5 .6 m and produced a 
volwne of 74 m3 ha- 1 in the pruned section. 

Epicormic shoots have been a constant problem 
over the life of the trial and constiruted tl1e largest 
tending expense . As one of the objectives of the trial 
was to produce a knot-free log section to 10 m, shoots 
were removed at 1 1 . 1 ,  1 2 . 3, 1 3 . 5 ,  14.5 ,  1 5 .5 and 18 .2 
years. Attempts were made to vary the seasonal timing 
of pruning to reduce epicormic development, but this 
had no effect . It is possible that previous prunfog 
operations damaged cambial tissue which led to shoot 
development . However, at age 19 years, it was observed 
tl1at epicormic shoots and buds were developing from 
areas of the bark tl1at had not previously been disturbed 
by pruning. Thls inrucates tl1at the clones tested are 
highly vulnerable to the production of epicormics when 

subjected to heavy prnning ( to 10m) .  
Sun  scorch caused some damage to  trees i n  the 

' I -2 14' and ' I - 5 14 '  plots . Th.is may reflect the poorer 
growth rates of these clones compared witl1 others . Sun 
scorch occurred only on tl1e western side of the butt 
section of affected stems, and these two plots were 
located on the western side of the trial , adjacent to an 
open paddock. Th.is damage to the butts made them 
non-merchantable for timber use. 

Timber utilized from tl1e nu.JI study can be used for 
paneUing or furniture .  The major reasons for 
downgrading tl1e board to a lower grade were: heart 
wood, knots, amount of sapwood, wane and 
undersizing. Other log defects were small bumps and 
some rot associated with the bumps . All bow and spring 
measurements were witl1 in the specified l im its in the 
grarung standards ( Forest Products Association (WA) 
1 985 ;  Standards As ociation of Austra l i a  1985 ) .  Green 
sawn recovery rates for tl1e t·wo logs were 59 .2 per cent 
and 56.6 per cent respectively, and the study showed 
that good sawJog recoveries and useful ut i l ization of 
boards can be produced by a thinning at 13 years .  
However, the timber would not have much potential 
for structural use because of its low strengtl1 properties 
( Bootle 1983 ) .  

In  summary, Populus deitoides clones that showed 
most potential in tl1is trial were 'l -488 ' and 'G-48 ' .  
Better growth rates would be  expected from regular 
applications of ferti.l.izer, and perhaps irrigation. P1yor 
( 1 969 ) reported tl1at good growth rates have been 
achieved in Chile and South Africa by flood irrigation 
or irrigation by town sewerage . Similar s ites witl10ut 
irrigation produced approximately one quarter of the 
volume . The best sites in South Africa can reach 
29 .4 m3 ha-1 M.A. I .  over 20 years . The trial site, which 
has an annual rainfall of950 mm, is considered to be 
excel lent for tree growing in Western Australia. The site 
also dries out over the summer mond1s and this may 
have inhibited popl ar growth to some extent. I would 
suggest that better overall growth rates could have been 
achieved in the trial if summer irrigation were present, 
or that a better moistu re relationship had occurred 
during the drier mond1s .  The soils were brownish fine 
sandy loams over yel lowish - brown sandy loams at 50 to 
60 cm depth . Pryor and Willing ( 1983 )  believe tl1at 
good growth rates can be achieved on l ight textu red 
soils where irrigation or rainfall from 750 mm to 
1 000 mm per anmun is present .  They also indicate that 
poplars grow best ou moist, fertile agricul rural grade 
land which is general ly associated with alluvial soils on 
river systems. These sites, wluch attract premium land 
prices and are genera l ly used for horticultural or 
orchard production, are linuted in area in Western 
Australia . 

In  recent years, tree improvement programs have 
led to a wider range of poplar clones showing superior 
qualities of tree growth, tem and branch form and 
increased resistance to poplar rust (Melampsora medusae 
and M. larici-populina) . The clones ' I -488 ' ,  ' 1 - 1 54', 
'G-48 ' and 'Angulata' are extremely sensitive to 
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Melampsora (Pryor and Willing 1983). This may limit 
their potential in W.A. In fact, some of these clones 
have been withdrawn from cultivation in eastern
Australia (Pryor and Willing 1983) because of this. 

hivas (J 989) reported Melanipsom larici-poputina 
in W.A. in 1974 and also recorded a ·asc of yellow le.if 
blister (Ta.phi-ina populina) at Dale River in 1982. 
There is little other evidence of poplar rust in W.A., but 
we should be caut:ious abour large-scale plantings of 
these clones here. 

Further rcsring of newer, improved ,..:I ones 1.:ould be 
tried on a range ofsuirable soil types and rainfall zones 
in rhe south-west of Western Australia. Trial plantings 
could be incorporated with systems associated with 
sewcr:1gc or irrigation dispersal and (as previously 
disCllsscd) growrh rates would be greatly impro ed. 
Recent local interest may justify these trials. 
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Provenance comparisons of Pinus pinaster Ait. in 

Western Australia 

cicncc and Information Division, Department of  Conservation and 

Land Management, Re.1earch Centre, Como 6 152,  We ccrn Austra l ia .  

SUMMARY 

Results from field trials established dUl'ing the period 
1964 to 1974, support earlier research in confirming 
that Leiria, in Portugal ,  is the most vigorous 
provenance of Pinus pinaster when grown under 
Western Australian conditions . Relat ive to other 
provenances tested, it also has superior drought 
resistance but low resistance co frost . 

The Corsican race has outstanding quali ties in stem 
straightness and apical dominance. Differences between 
provenances in br.rnch angle and branch size were not 
as significant as expected . election within the Leirian 
provenance, or any provenance, is probably the best 
procedure for improving branching in the specie 

Leirian populations are very defective in apical 
dominance and a high percentage of trees exhibit forks 
or ramicorns. Improvement in this character with 
selection in Lei.rian populations has been l imited . Inter­
provenance crossings with the Corsican origin may have 
to be considered in foture but current resuJts indicate 
that such a cross would lead to significant losses in 
volume production . 

Fecundity varies with provenance from high 
production of cones within four years of planting for 
trees ofTuni ian origin to a general sparseness of cones 
throughout the life of Corsican trees . In Western 
Australia, Leirian trees produced cones at a younger age 
than those from Landes or Corsica .  Genetic control of 
time of flowering was confirmed. Flowers in trees of 
Leirian origin ripened earliest, followed by flowering in 
the French Landes, Tunisian , Italian and Corsican 
provenances, in sequence as spring proceeded .  A wide 
vari ation in flowering time was shown for clones within 
any one geographic group . 

Limited comparisons of wood properties between 
prove1"1ances indicated that the Lei rian provenance, with 
relatively high basic density and low grain deviation, 

E . R .  HOPK INS AND T . B .  BUTCHER  

was the best suited for  production of  sawn timber. 
Therefore, breeding with th.is provenance would not 
compromise the future quality of the wood produced . 

Trials with inter-provenance crosses between plus 
trees of Leirian , Landes and Corsican origin 
demonstrated the inheri tance and dominance of such 
racial characte rs as vigour in the Leirian and stem 
straightness and apical dominance in the Corsican 
provenance . Crosses benveen L,ndes and Leiria may 
provide a hybrid of vigour approaching that of Leirian 
trees . SimiJarly, the combination of straightness a11d 
apical dominance was ad1ieved in Leiria by Corsican 
crosses but vigour was low . 

Over the range of sites tested in Western Australia 
for provenance variation, crosses between clones of the 
Leirian provenance were sign ificantly superior in 
diameter and height growth to those of Leiria by Landes 
and Leiria by Corsica. There was, however, a tendency 
for the advantage in diameter growth of the Leirian 
provenance to decrease as plantings were extended to 
d1e soud1 where conditions were cooler and wetter . 

Geographic similarity and the distinctiveness of 
provenances were clearly demonstrated by canonical 
discriminant analysis of attributes measured in the trials . 
Improvement appears to be obtainable by 
concenu-ating on the Landes provenance for cooler, 
frost-prone areas and on the Leirian provenance for 
warmer and drought-prone sites . 

For Western Australia, al l improvement required 
within the range of variation of the species is being 
obtained from selection and crossing within the Lei rian 
population . 

THE PROBLEM AND APPROACH 

This paper reviews the knowledge of variation in Pinits 
pinaster Ait. of value to d1e commercial future of the 
species in Western Australia and presents previously 
unreported results from field trials begtm in the period 
1964-1967. The objective is to document d1ese local 
investigations and indicate areas which could be of 
importance to the local improvement program for tl1e 
species. 
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The presentation is in four sections. The first section 
in trod uces the history of the species i n  Western 
Austra l i a ,  outl i ne the na tu re of i nvesri gat ions and  
provide · a brief l i tera ture review of rac ia l  ari at ion i n  
the spedes. The second section descri bes eleven fie ld 
tr ia ls  and is  imended for on ly  those conce rned wi th the 
detai ls  of P.  pinaster p rovenance test ing .  D iHcrcnces in 
flower ing t ime a nd fru i tfi.1 l ness of several proven ances 
cons idered i n  the local c rossi ng program arc covered 
briefly i n  a th i rd sec t ion . The f ina l  sect ion co nsid e rs the 
re l eva nce of provenance var ia t ion to tree i m provement  
i n  the  ra te  ;md the va l id i ty o f  the i nvestigation .  

Introduction 

Pirms pinastl'r, t he m arit i m e  p ine  ( a l so formerly  known 
as c l uster pine ), and i ts var ied forms h ave been of 
i nre rest  ro forest ry in th · sou t h -west corne r o f  Western 
Austra l ia s ince early colon i a l  days .  Eu rope:1n ·o loni zcrs 
or the  s i m i l a r  c l i m at ic provi nces in both outh  Africa 
and sou th-west Austra l i a  noted the pauc i ty o f n atu rnl 
softwoods for the loc:11 economy, and e x t ens ive tracts of 
l ow qua l i t y  forest on sandy soi ls,  :1nd treeless areas.
Outst;rnd ing  examples of a fforestation on s im i l :1r sands
and in s im i l ar c l i mates in Gascon y, France, d u ring the
period 1 78 7  to 1 8 64 ( H a rl e  1 920; , u i n a ud eau 1 964 ) 
we re cond u c ive to earl , a ffon:sta t ion atte mpts i n  Cape
Provi nce ( D u ff 1 928 ) and later,  i n  Western Austra l i a .

The relevance of />. pinastcr, and  the  poss ibk 
sign i tica 1Ke of i ts geographic  vari at ion , to l·c >resrry in 
Western Au�tra l i a  was ;\ssessed i n  1 9 1 6 . H u rc h i ns ,  a 
1-orcstcr , i t h  c x pcrii.: nce i n  l ndi ;l ,  South Africa and East
Africa and profess ional  trai n ing in EuropL" was in i t eJ
to com ment  on the f o res t ry s i tua t i on i n  the State . H e
reported ( H utch ins 1 9 1 6 ) 

'The c.:l i matc 01 " 1 he Western Aust ra l ian  j a rrah l i >n:s t  i s  
s u lliciently simi lnr  to sou thern Prance bur more 
fovour;1 blc 10 c.:l usrcr pine ( Pi11w pi11 11src1") . I r  is i n  fact 
the c xacr c.:li marc of l .c i r ia  i n  Por tui;a l ,  where I saw 
d uster pi ne at its best . . . ' .  

H u tch ins  took pai ns  to distingu ish betwee n the 
d ifferent growth forms of the species i n  France and 
Portugal  :ind recommended the use of seed fro m  the
forest of L cir i ;l i n  Portugal . 

Va r ia t ion i n  th is  species and  the i mportance of seed 
origi n to i ts toreHry pote nt i a l  in  the so uthern 
hemisp here was first descr ibed by  D u ff ( 1 92 8 )  and  
elaborated,  from exper ience with fie ld  tria ls  in South
Africa , by Rycrofr and Wicht ( 1 947 ) .  D u ff's report of 
t he species in bot h its nat u ra l  range and in the 
developing plantations i n  South  Africa was  wel l  recei ved 
in Western Austral ia .  Reports of expressions of racia l  
d i ffere nces i n  the species observed in local  p lantation 
trials were pub l ished by Perry ( 1 940 , 1 949 ) .  
Quanti tative evide nce fo r  early provenance eva l uations 
i n  the tare was collated by Hopkins ( 1 960 )  who also 
argued the value of a tree improvement program based 
on Portuguese seed .  
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Pi._rpm; 1 . H cjn•cscntriti11l' samples of the Lciri,111 (lcji) ,wd 
l.,1mdes (rilfht) pr11 1 1cnanccs a t  age 2 1  years in trial YS08, 

Gn mt(fam plrmmtion . 

Research i n  ev:1 l uat ing rhe sratus  of geographic races 
and  provenance  va r i a t" ion for J>. piruistcr ( Figs 1 and 2 )  
h as bee n  carried o u t  a t  various locat ions i n  bo h the 
nort hern and so u thern hemispheres ( Destrcmau ct al.

1 982) .  M ajor aspects of geogr;iph ic  variation in the  
species arc nm wcl l  u nderstood . I n  France and 
Western A ustral ia i n  pa rt icu lar,  knowledge of variati on 
and  he r itab i l i ty of characters is  be i n g  used to i mprove 
the plan tat ion tree in such attri b u tes as vol ume 
prod u ction , stem str.1 ightn ess, br:rnch  angle and  s i ze ,  
d rough t  toleran ·e , frost rcs ist,1nce , a n d  wood dens i ty, 
fi bre length, gra i n  deviation ,1 1 1  l res in  con ten 

Geographic Races 

The most recen t  and comprehensive artic le reviewi n g 
provenance vari a tion i n  J>. pin astc�· is by Destremau ct 
al. ( 1 982 ) . They associated variation within the species 
with dispersion and isolat ion following past changes of 
cli m ate . D ur ing the Q u ate rnary period the dist ribu t ion 
of the species in western and southern Europe, u nder 
glaciation ,  was d i  crete w i th in  m id-el evation on the 
continenta l  mas if. As a re ult  of geographic barriers, 
isolated populations tended to develop d ifferences i n  
characte rist ics.  Remna nts o f  the ori g i n al domain of the 
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FigHre 2. Map showing the nat11t·al distribittion of Pin us pinaster. The shaded sections and crosses marll the 
concentrations of the species (After Destremaii et al. 1982). 

pine in the western Mediterranean area are on the 
massifs of Mames, Esterel, Corsica, Sardinia, £dough, 
Ain Draham, Rif, Grand Atlas, Sierra evada, the 
Iberian mountains, the piedmont of the Pyrenees and 
tl1e sandy coastal plajns along the Atlantic (Fig. 2 ). 

Some authorities believe that maritime pine also 
occurred naturally on islands of the Adriatic sea along 
the Yugoslav coast and down to Greece. Recent 
indications are, however, that all maritime pine present 
in Yugoslavia was introduced withln recent historical 
times. 

Destre1nau et al. ( 1982) suggested that tl1e centre of 
dissemination of the species was the mid-altitudinal 
areas of tl1e Iberian Peninsula, at the jmiction of the 
Mediterranean and Atlantic climatic currents. 
According to palaeo-botanical studies, colonization of 
the lower Gascogne plains was accomplished recently 
either from mountain refuges of Galicia or from isolated 
sites in Catalogne. For palynologists there is little doubt 
that tl1e Gascogne extension can only be dated to the 
recent po t-glaciation period. 

Destremau eta/. (1982) agreed with Resch (1974) 
that the species consists of five major races geographic­
ally separated by physical barriers or sharply contrasting 
microclimates. These races are: 
1. The Atlantic group, which occupies tl1e coastal

plains and seaboard of the Atlantic Ocean from

south of Lisbon in Portugal to the mouth oftl1e 
river Loire (Nantes) in France. 

2. The provincial Mediterranean group, which is
localized to the coastal sires along the nortl1ern
coa t of tbe Mediterranean Sea from Tarragona in
Spain ro Tivoli, just east of Rome, in Italy.

3. The Cor ican group, restricted to the islands of
Corsica and Sardinia.

4. The Continental group, of tl1e Iberian mountain
regions, to which are attributed a large variety of
Spanish, Moroccan and Portuguese ecotypcs. These
ecotypes occupy very special ecological niches which
are the local provenances of tl1e divides of the
natural surfaces of tl1e quaternary glacial periods.

5. The North African coastal group, restricted to
coastal areas from Bougie in Algetia to Pantelleria.
off north eastern Tunisia.
The grouping is based on consistent expressions of

tree vigour and phenorypic appearance recorded by 
many observers and derailed comparative trials (Duff 
1928; Rycroft and Wicht 1947; Perry 1949; Hopkins 
1960; Sweet and Thulin 1962; IUy 1966; Rodriguez 
1966; Resch 1974; Alazard 1982; Matziris 1982). 
Recently, effective replication of provenances 
within t1ials and comparisons of a wide range of 
provenances and conuolled crosses (Alazard 1982) 
have provided quantitative results which relate to 
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genetic control of racial atu- i butes . 
Bernard- Dagan ct al. ( 1 971 ) have provided a 

consistent iden tification procedu re for geneti c 
scp::irat i o n  of prove nances on the ba i of monotcrpenc 
con tents of tht: wood and cortical  tissu es of mature 
trct:s. Tht:i r studies and rece nt work ( Baradat et al.

] 979 ) have idrntificd di t i nctivc chemical  com posi t ions 
for the racia l  groupi n gs 1 ,  2 , 3 and 4 desc ri bed above 
b u t  d id not sa mpk Ita l ian ( group 2) and the  nort h  
African ( grou p  5 )  provt:na nces . They we re a lso able to 
dist i ngu ish dearly between Portuguese and Landes 
prove n ances on the bas i s  of the.: a m o u nt of D 3 - c a rene  
con tai ned i n  the cort iG1 l  t i ssues .  

Pc rry ( 1 949 ) d iffcre n t i .ncd bctween Portu guese and  
Landcs grou ps on the  basis o f  ge nctic control of 
flowc ri ng ti mes and Destremau ct al. ( 1 982 ) a l so 
record ed these d i ffere nces i n  flowe r ing t imes f o r  
comparat ive condit ions i n  Europe . 

Evaluation in Western Australia 

Ea rly p l an ti n gs of P. pin a.rtc1· i n  Western Austra l i a  
dearl y  dcmonst ra red rhc  su peri ority of r rees derived 
from the forests of Lei ri a ,  in Port uga l ,  for  commercia l 
plantat i ons ( Pe ny 1 940; Hopkins  1 960 ) . S i nce 1 942 al l  
Western Aust r;1 l i :1 1 1  plan t a tion. have h ad a Portu guese 
seed origi n . 

A ge neric i mprovement  program for J>. pinnster i n  
We tern Auscr;1 l i a  w,1s begu n i n  1 95 7  ( H opkins 1 960; 
Perry .md H opki ns 1 967; I opk ins  1 969;  Hopkins  and  
Bu rchcr  1 99 3 ) . fhc  progra m conce n tr,1 tcd o n  the  
Portuguese prove n a nce.: w i th  rhc ;l i 1 1 1  of i m prov i n g  stem 
straigh tness, brand1 ing  chara1: tc r ist ics and u n i formity of 
the commercia l  tree . Renewed i n terest i n  othcr 
provenances was a lso foc used o n  q u a n titative aspec ts of 
provenance tt:sti ng and  species variation,  as no 
statisti ca l l y  control led tri a l  or use fu l  gen e.:  bank for the 
species was ava i l abk in A u stra l i a .  The.: possi b le 
contr i bution of genes from other prove nances to 
i mprovement  i n  stem stra ightne s ,  hybrid v igour, 
branch si ze,  spira l  gra i n ,  wood dens i ty and d rought  
resistance req u i red co ns ideration .  

A series of proven ance tests and i nt er-provenance 
cros i n gs was u ndertaken d u ring the ear ly  phase of the 
P. pinaJtcr breed ing progra m (F ig .  3 ) .  Th is compared
growth u nder a ra n ge of con ditions in  the fidd and
eva l u ated wood prope rt ies .  Wherever possible the trials
i nc luded seed from trees of superior phen otype (plus­
trees ) ,  selected by i n te rnat iona l  agencies .  Seed l i n g
st ud ies  o f  provenances were used t o  eva luate d rought
resistance ( H opki ns 1 9 7 1 6 ) .

Detai l s  of t h e  time o f  flower receptivi ty for three 
provenances were recorded as part of the control led 
poll ination phase of the species improvement program . 

Comparisons of major wood properties of 
provenan es, from trees sampled i n  Western Australia or 
Portugal , were carried out in arrangement with the 
Commonwealth Scientific and Industrial  Research 
Organisation ( Nicholls et al. 1 963;  Nicholls 1967 ;  
Nicholls 1968 ) .  

58 

CALMScience 

The original trial nomenclature has been used in th is 
report because it  is relevant to the local workers in the 
fiel d .  The original designation for Portu guese ( Leirian 
provenance )  p lus-trees of E (el ite ) followed by a 
n u mber has been retai ned. imi lar ly,  pl u s -trt:t:s of 

andes ori gi n arc designated with an L a nd those.: of 
Corsican origi n with  a C.  

FIELD TRIALS 

Introduction 

Th is ch:iptc r  describes in  detai l  the p rocedure and 
res u l ts of e leven fie ld tria ls  esta bl ished from l 964 to 
J 967 to d e monstrate the perform ance of provenance 
groups under a r. ngc of fie ld cond i t ions (T:ible 1 ) . 
Four of these trials ( 3/6 5 ,  X 09,  XS 1 2 ,  XR I ) we re 
designed ro show di fferences between bu lked 
col lect ions o t· major provenance grou ps.  The rem.1 i n i ng 
seven inc l u ded ha l f-s ib ( open pol l i n ated )  or fi.d l -si b 
( con t rol pol l i nated ) materi a l ,  particu l arly of Portuguese 
and french origins  which arc most favou rnb le  to 
Western Austra l i an  cond i t i ons,  to de monstrate the  
range of varia r ion  wi h i n  these rwo prove nances . Th ey 
were a lso i nt e nded to provide mater ia l  in which futu re 
se lect i o n for cont ro l led cross ing m i ght be u ndertake n .  
Three of th ese s c  e n  t r i a l s  i nc l uded  i m1: r-provcnance 
cro s ings together with i mproved s tock from . recent ly  
cst :1b l i  'hcd seed orchard to ind ic:1tc rhc  potent ia l  of 
hy br ids w i t h i n  the  i m p rove ment  p rogra m .  

F ie ld  tria ls were repl icatnl i n  c i t hcr Lat i n  Sq u arc o r  
randomi zt:d block designs.  Most were cstabl i ·hed w i t h  
set:d l i n gs ra ised i n  tu bes t o  obtain h i gh su rviva l  o n  
p lant ing  o u t  a n d  rem ove.: e ffects of n u rsCI')' treatment 
and  refi l l ing from the resu l ts .  The i n i tial  tri;, l s  with 
b u l ked provt:n anct: groups employui sq uan; plots of 36 
or more plants  as thc  unir  of comparison . Lat1: r tria ls 
with ha l t�s i b or fu l hi b  fa m il ies and tu bcd stoc k u sed 
l ine  plots with 5 or l O trccs, but  with increased
repl ication .

l n  al l  trials a commt:rcia l  seed batch imported from 
the Portuguese forests of Lciria for genera l  plantation 
establ ishment, was indudt:d . This i s  rcforred to as the 
routi ne  set:d batch and provided a control to l i n k  
provenance comparisons between tria l s .  

Assessments for  character ist ics of form , ere  on the 
basis of standard scores as depicted in Table 2. Resu lts 
were e xpressed either as the percentage of stems in the  
population wi th  average or  better ste m straigh tnes ( i . e .  
percentage in classes 1 ,  2 ,  3 )  or the  mean  score 
(ar ithme ic mean of points awarded ) .  The pe rcentage of 
population is more acceptable to field workers as a 
stand parameter and is used here .  For analysis a l l  
percentages were transformed to  angle arcsin ( the ang le  
whose sine i the square root of the percentage ) . 

The trials were conducted over the period 
964- 1 98 5 .  With over 20 years elapsed ince the la t

trial wa established resul ts are conclusive and can be 
confidently i nterpreted to apply to mature stands :  



Figure 3. Early growth of provenances at Gnangara plantation. The comparisons are Italian-Portuguese (top left), 
Portuguese-Landes (top right), Portuguese-Corsican (bottom left), and Tunisian-Portuguese (bottom right). The first 
three comparisons are in trial 3/65 at age 5 yean; the foitrth is in trial XS09 at age 4 years. 

General Comparisons 

Trial 3/65 - Comparison of Commercial 
Seed Lots from Portugal, France, Corsica 
and Italy 

Establishment 

Trial 3/65 was established in 1964 with seec\lings from 
five bulk provenance seed lots to statistically evaluate 
differences between the growth of provenances in 
Western Australia. Earlier trials had suffered from lack 

of replication within sites and from thjnning. A fire in 
the main demonstration area in compartment 19, at 
Gnangara plantation further limited the use of existing 
plots. 

Provenances - The five bulked seed lots were from 
Portugal (Leiria), France, Corsica, and Italy as follows: 
Leiria R, Seed lot number S2866. One kilogram was 

received from Portugal in 1962, reputed to be 
collected from the Forest of Leiria. 

Leiria 2. Source unknown. Mistakenly used as the 
provenance from Lucca (Italy). Probably part of the 
commercial Leiria batch used for plantation 
establishment in 1964. 
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TABLE l 

Description and location of Pinus pinaster provenance tests 
eslablished in Western Auslrolio since 1960. 

TRIAL LOCATION YEAR PROVENANCE 
NO. PLANTED 

LEIRIA lANDES COR,S. TUNISIAN OTHER 
ICAN 

3/65 Gnangora 1964 2 B l B l B Italian 
1B 

XS09 Gnangara 1966 l FS 24HS Spanish 
1 B 2 B 
12 HS 

XSl l Gnangara 1967 4 FS 14 HS 
l B

XSl 2 Yonchep 1967 2 FS 2 HS 4B 
l B

l HS

YS08 Gnongora 1967 14 FS 3 HS 
l B l FS
l HS

YS09 Yonchep 1967 9 FS 8 HS 
l B 1 FS 
I HS 

YSlO Mundaring 1967 8 FS 10 HS 
1 B 
l HS

XRl Yanchep 1966 1 FS 4 FS 18 HS Italian 
7 HS Lucca 
2 B N Spa in 

W Spain 

YS51 Gnangara 1974 10 FS 10 FS 8 FS 
2B 

YS52 Yonchep 1974 9 FS 9 FS 8 FS 
2B 

YS53 Bussellon 1974 9 FS 9 FS 8 FS 
2B 

Seed lots: B bulk HS half.sib: FS ful�sib. 
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REPLICATION 

TREES/PLOT 

IN BRACKETS 

1128) X 5 

(JO) X 8 

(101 X 10 

(361 X 5 

1101 10 

(101 X 10 

151 X 20 

None 

(5) X ]Q

(5) X 10 

(51 X 70 

HT. 

1969 
1973 
1975 
1977 
1985 

1970 
1976 

1971 

1976 

1971 
1975 
1977 
1987 

1971 
1975 

1971 
1975 

1971 

1979 

(Parll 

1983 

1978 
1983 

1978 
1983 

MEASUREMENT 

DIAM. FORM DROUGHT 

1969 
1973 
1975 1975 
1977 
1985 

1976 

1976 1977 

1975 1975 
1977 1977 
1987 

1975 1975 
1980 

1975 1977 
1980 

1976 

1979 1979 1979 

(Port) !Part) 

1983 1983 

1983 1983 

1983 1984 



TABLE 2 

Scoring scales used for assessment of tree form 
characteristics in early provenance trials. 

STEM FORM: 

STRAIGHTNESS: 

BRANCHING: 
Type 

Angle 

Thickness 

CROWN: 

Normal 
Molform 
Fork 

Perfect Tree 
Nearly straight but not perfect 
Average (slight deviation but no wastage) 
Crooked {waste part of log)
Extremely crooked, large sweep and kinks 

Uninodal 
Binodal 
Multi nodal 

low angled, approx. 90°
Intermediate-overage 
High angled, steep 

Small 
Medium 
Heavy, thick 

Well balanced, vigorous 
Well balanced, dormant 
Unbalanced, vigorous 
Unbalanced, dormant 

BUTT SWEEP, lEAN, BEND: Present l Absent 2 

RAMICORN: Present l Absent 2 

CONES Present l Absent 2 

lEADER: Present l Absent 2 

Landes. Seed lot number S2865. The batch was 
received in 1962 as being typical of the Landes 
forests. 

l 
2 
3 

l 
2 
3 
4 
5 

l 
2 
3 

l 
2 
3 

l 

2 
3 

l 
2 
3 
4 

Corsica. Seed lot number S2897. Received in 
December 1962. It was collected in the Antisanti 
region. Elevation 750 m. Latitude 42°9'. Longitude 
9°21 'E. Annual rainfaU 880 mm. Annual average air 
temperature 12 °c. 

Italian. Seed lot number S2864. Origin Italy. 
Design - The provenances were established in a 

5 x 5 Latin Square design with square plots of 128 trees 
(8 rows with 16 trees in each row) planted at the rate of 
2240 stems per hectare ( stems ha-1).

Procedure - The trial was planted in June 1964 
with 1-0 nmse1y stock on a high quality site in Walton 
Block, Gnangara plantation. The site was wet at time of 
planting owing to extensive clearing and an exceptio­
nally wet winter. Some refilling was carried out in 1965. 

The plants were thi1rned in 1970 to 735 stems ha- 1 

(from 128 to 42 in ead1 plot) and in 1977 to 
368 stems ha- 1 (from 42 to 21 in each plot). Fertilizer 
was added as a spot application of superphosphate at 
planting, 500 kgha-1 ofsuperphosphate was broadcast 

TABLE 3 

Seedling mortality af provenances in trial 3/65 in the !wo 
years after planting in June 1964. Refilling to original 
numbers was carried out in June 1965. 

PROVENANCE 

LeiriaR 

Leiria2 

Landes 

Corsican 

Italian 

NUMBER 
PLANTED 

JUNE 1984 

640 

640 

640 

640 

640 

PERCENTAGE MORTALITY 
1965 1966 

14.7 ll.6

13.4 l l .l

5.3 7.0

4.4 5.9

4.2 5.2

in 1973 and 500 kgha-1 of Agras ( P) was broadcast in 
1978. 

Pnining was carried out in 1970 (to 2m), 1974 (to 
3m) and 1977 (to 4m). 

Measurement - Tree height and diarnetci· at breast 
height (d.b.h.) were measured in 1969, 1973, 1975, 
1977 and 1984. Branch angle, number of whorls and 
flowering characteristics were assessed in 1969 and a 
major assessment of form and branching was carried out 
in 1975. The scoring system in Table 2 was used in 
assessing ffee form. 

Results 

Seedling survival - Results for seedling dead1s in 
each of the t:','IO years following planting are set om in 
Table 3. 

Height and diameter - Means for height, diameter 
and volume measurements are presented in Table 4. 
The provenances have separated into two distinct 
groups - the faster growing Leiria R and Leiria 2 and 
the slower growing Landes, Corsican and Italian 
provenances. The superiority of the former two is 
highly significant under the trial conditions. 

Form - Results for form and flowering 
characteristics for trial 3/65 at ages 5.5 and 10.5 years 
are listed in Tables 5 and 6, respectively. 

The counts of trees wid1 or without cones or pollen 
development were expressed in Table 5 as a percentage 
of the total in each plot and transformed to angle 
arcsins for analysis. Differences between provenances for 
height growth and percentage of trees with cones or 
pollen were highly significant (.01 level), but d10se for 
branch angle and number of branches per whorl were 
not. In Table 6 variation in frequency of normal 
crowns, fine branches and butt sweep was not 
significant while that of binodal branching was 
significant at d1c .05 level. Differences in all other traits 
were highly significant (.01 level). 

Portuguese provenances developed cone and pollen 
crops earlier than the others (Table 5). 
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TABLE 4 
Growth of height, diameter and volume of provenances in 
trial 3/65. 

PROVENANCE 
HEIGHT 

!ml

leirioR 8. 7o
Leirio2 8.30
Corsican 6.06
Landes 6.06
llalion 5.56

LSD .05 0.4 

10.5 YEARS 
DBHOB 

{cm! 

13. lo
12.706
10.46c
10. lc
9.8c

l.O 

VOLUME 

Im') 

31.2a 
28.90 
14.46 
14.36 

11 86 

10.0 

0 Meosuremenls wilh similar alphabetic lellers ore nol significan�y different. 

TABLE 5 

Branching and /lowering traits of provenances in lriol 3/65 
at 5.5 years of age. 

PROVENANCE 

leiliaR 
Lei11a2 
Landes 
Corsican 
liolian 

TABLE 6 

MEAN 
HEIGHT 

(ml 

3.7 
3.8 
2.6 
2.7 
2.5 

PERCE:NlAGl: (ARCSIN 
TRANSFORMATION I 

!'REES WITH 
C:ONrS roItrN 

37.6a 81.5 
38.7a 81.2a 

2.3c 12. lc
1. lc 20.4c

16.76 45.96

Form and branching trails of provenances in trial 3/65 al 
age l 0.5 years. 

MEAN 

20.5 YEARS 
HEIGHT DBHOB 

1ml (cm! 

15.0o 26.90 
14.80 25.70 
11. l 6 21.86 
10.66 20.96 
9.5c 19.96 

0.9 2.9 

BRANCH ANGLE IN 
WHORL AT l.Jm 

1/\RCrST 5M/\llFSt 

660 41\.2 

66.4 43.8 
62.3 40.8 
61.7 40.6 
63.5 44,0 

PROVH-JANCE HEIGHT PERCENTAGE [ARCSIN TRANSFORMATIONI OF TREES WITH 
(ml 

BUTT RANI!· FINE STEEP Bl-NODAL STRGT 
CONES LEAN SWEEP COR BRANCH BRANCH BRANCH STEMS 

LeirioR 8.7o 5lo 5lo 29 340 27 340 800 356 
Leirio2 8.3a 386 520 36 29a6 27 300 800 356 
Landes 6.06 18c 256 36 206 27 156 476 490 
Corsican 6.06 20c 326 28 7c 27 186 6906 47a 
Italian 5.5c 48a 440 39 226 25 206 800 17c 

LSD .05 0.4 10 12 s 10 NS 6 24 10 
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VOLUME 

lm'I 

116.30 
102.6a 
55.26 
50.66 
40.66 

22.5 

NUMBER OF 
BRANCHES 
/WHORL 

4.9 
4.9 
5.4 
5.5 
5.1 

NOR/tAAI. 
CROWN 

68 
70 
76 
72 
62 

NS 



Discussion 

The relatively high seedling mortality of the Portuguese 
provenances (Table 3) is normal tO Western Australian 
experience under these conditions. It has always been 
the most di fficult of provenaJ1ees to germi nate a1 1d 
hand plant io the field. Under operational conditions 
good n ursery practice ,  proper and extensive site 
preparation and machine plan ting have resul ted in 
survival values consistently over tbe 90 per cent mark . 
Whenever haJ1d planting is required, however, tbe 
project may be subject to high losses . For this reason 
tubed stock, which provided near to l 00 per cent 
smvival , was used in all other importa1lt tria ls wi thin the 
improvement program. 

Poor seedl ing survival of the Atlantic provenances 
was reported by Sweet and Timlin ( 1 962)  in ew 
Zealand trials. Matzyris ( 1 982)  recorded failure of 
Portuguese seedlings owing to frost at one trial s ite i n  
Greece b u t  the provenance appeared t o  have similar 
early su1vival to three others compared at six forther 
locations . Difficulty in seed handli ng and obtaining 
good seedl ing survival was considered to be an 
important attribute of the Pormguese provenance and 
was given major attention ( Hopkins 1 97 1 a) in the local 
improvement program. 

The results for height, diameter and volume growtl1 
and tile general aspects of stem form support previous 
findings in Western Australia ( Hopkins 1960 ) .  The 
Italian provenance is tl1e slowest growing and the one 
of poorest form from tl1e commercial viewpoint .  The 
Lru1des and Corsican provenances bave similar height 
and diameter growtl1 rates but generally are superior in 
stem form and crown characteristics . The Corsican is 
outstru1ding in stem sn-aightness and crown and branch 
symmeuy. The Portuguese provenances are the most 
vigorous, significantly so, but defective in the 
percentage of ramicorns, high branch angle and upper 
stem straightness . 

The form assessment separated the Portuguese and 
Ital ian from the Landes aud Corsican provenances .  The 
fi rst pair have the poorest form witl1 a relatively large 
percen tage of ramicorns ( l arge branches compet ing 
with the leader), leaning stems, high -angled branchi ng 
and a lower percentage of straigh t stems . The Land.es 
and Corsican groups have a high percentage of straight 
stems, well-shaped crowns and flat branching 
characteristics .  However, tl1e Corsican di ffered from the 
Landes tluough its lower frequency of ramicorns. 

The Portuguese provenances were tl1e earliest to 
produce cone and pol len crops under local conditions 
(Tables 5 and 6 ) .  The Landes and Corsican provenances 
were significantly later in this respect . The resuJts 
indicate tliat precocity of flowering is genetically con­
trol led and tl1e characteristic has developed differently 
tl1roughout tl1e natmal distribution of the species. 

The Landes provenance had a lower proportion of 
binodal u-ees. This is not in accord with previous 
experience with tile two provenances ill Western 
Austral ia where the reverse situation was considered to 

be more probable . Differences in interpretation in 
assessment are possible and it should be noted tl1at in 
the current  data no m ult inodal stems ( Class 3) were 
recorded in the assessment. All were classed as u ninodal 
or binodal . Later it wil l  be shown that tl1e Landes 
seedlot in tllis tri al had a dose affinity wi th the Corsican 
provenances .  

Trial XS12 - Intra- and Inter-Provenance 
Variation within Seed lots from Portugal, 
France and Corsica at Yanchep 

Establishment 

In 196 7, avai labi l ity of seed ofrel iable and selected 
sources in the Portuguese, Landes and Corsican races 
a l lowed for a tria l  design to compare variation botl1 
withu1 an d between provenance groups. The trial was 
also designed for establishment on L imestone sands of 
the Spemwood dunes system (McArtlrnr and Bettenay 
1960)  which represented much of the future planting 
area for t l1e species . These li mestone sites, w i th lower 
rai nfa l l  and less accessible ground water, are more 
drought prone . Prior tO t l 1 is ,  trials had been conducted 
mainly on deep grey sands wi th an access ib le water 
ta ble on tl1e better sites .  

Provenances - The trial incorporated 4 Portuguese 
seed lots, 2 Landes lots and 4 Corsican lots as follows: 
1 Leiria E5xE40 - a control led crossing of two plus 

parents selected i n  W.A. plantations . 
2 Leiria E 1 9xE40 - a controlled crossing of r-wo plus 

parents selected i n  W.A. plan tations .  
3 Leiria MPDL - a mixture of seed from plus trees 

selected in Portugal. 
4 Leiria routine - an unimproved bulk col lection from 

Portugal (seed lot number S3697) .  
5 Landes 64445 - seed col lected from plus tree 38 .27 

in France .  
6 Landes 64435 - seed collected from plus tree 71 .05  

in  France. 
7 Corsica 3749 - seed collected from good u·ees in a 

stand at Vivaiio; altirnde 800 m .  
8 Corsica 3750 - seed collected from good trees ill a 

stand at Porto Vecchia; altitude 900 m. 
9 Corsica 375 1 - seed collected from good trees i n  a 

stand at Zonza; a l titude 700111. 
10 Corsica 3752 - seed collected from straight, 

vigorous trees in a stand at Chisoni; altitude 800 m . 
Design - The trial was planted as a complete, 

randomized block design with 5 replications of tl1e 1 0  
seed sources .  Square plots of 36 u·ees, at 2 .4m x 2 .4 m 
spacing, were planted with ni bed seedlings in June 
1967. 

Procedure - Seedlings received a spot application of 
1 00 g of zinc superphosphate ( zinc and copper 
additions) at planting and 5 00 kg of super plus 200 kg 
of urea broadcast per hectare in 1 976. 

The stand was thinned from tile original 
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1 680 stems ha- 1 to 560 stems ha-1 (36 to 1 2  trees per
plot) in September 1 977 .  

Pru ning of plots of  Leiri an  origi n was carried O l l t  i n  
1 972 ( to 2 m ), 1 977 ( to 4 111 ) and 1 9 79 ( to 7 111 ) . The 
other prove na nces were pru ned l :tter, a lways leavi ng at 
l east 30 p1: 1· 1:1:nr of the gr1:e 1 1  crown i nt ac t .

Measurement - Height was measured i n  1 97 1 ,  
1975 ,  1 977 and 1 986. D . b . h .  was measu red a t  the last 
three dates . 

f n  1 975 ,  an assessment o f  form and branch ing w�,s 
carr ied out us ing the  categories i n  Table 2. 

Results 

Vol u me growth - Measurements up to age 1 9 . 5  
years (Table 7 )  revealed a general superiori ty of t h e  fou r 
Porru gl l <.:se groups of which the rou tine was the 
poorest .  

for strn1 d iameter and rota ! vol ume growth the  fi.1 1 1 -
s i b  ( crossed ) Lei ria fa m i l ies and the hal f-si b ( opc n 
pol l i natcd ) Lci r i a  fa m i ly ( M P D L) wt:rc su pe r ior ( . 0 5 
level ) to the rol l t i ne  Portu guese i m ported seed batch 
which is signi fica n t ly ( . O J  leve l )  super ior to the Landes 
and Corsican grnup� . These l atter were not sign i ficantly 
d i lfrrent from each other i n  d i ameter bu t  some
variat ion ex isted between the  better I ,andes fam i l y  
( 6444 5 )  a n d  t h e  poore r Corsican groups  ( 3749 , 3752 ) 
in vol ume comp:1risons. 

For he igh r  tkve lopmem r o  1 9 . 5  years of age , :1 I I  the 
Portu gl l l:sc groups wc n.: s i g;n i f ic:1 1 1 l' l y  superior ( . 0  l 
kvl· I ) .  Till' Lande.� fa m i l i t: s  wen.: ,1 bo s ig 1 1 i lic :1 1 1 t l y  
super ior ( . 0  I level ) Lo thc  Cors ic .1 1 1  lots  wh ich showed 
some varia t ion a m on�st themsel ves. 

Form - Resu l ts o f  the ste m form assessmen t at age 
7 . S  yea rs (Ta ble 7 )  reveal tha t  for the perce ntage of 
idea l  s tems ( those scored ilS I and  2 )  the Corsican 
provenances were marked ly  supe rior to the other two. 
One Landes fam i l y  had s u perior form to the Portu guesc 
rou tine and the  other was equ ivale n t  to i t .  

Results for acceptable stems (categories J ,  2 a n d  3 
w h ich wou l d  i nvolve l i t t le or no waste i n  processing 
owing to ddcct ) ,  were reasonably si milar i n  ranking and 
emphasize tht: poor stem form often fr>ll nd i n  stands 
from com mercial routi ne Portuguese seed .  Th e 
proport ion of stem. of acceptable stra i ghtness i n  the 
thret: Leir ian l ots of sekcted origi n was sign i tica n t ly 
h i gher than that of the rou tine  lot .  

D1·o ught Resistance - In Nove mber 1 9 77, prior to 
th i n n i ng, dead and severely damaged trees were 
d istri b u ted over all the treatment blocks but  were 
conce ntrated with i n  the L.1ndes and Corsican 
proven anct: ce l l s  (Table 8 ) .  

Discussion 

Trial X 1 2  is an efficien t provenance test for eval uating 
differences between the major geographic groups 
considered for commercial plantation development in 
Western Austral i a .  General resu lts c learly confirmed 
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ob ervations of previous trials for growth and form 
characterist ics . Knowled ge of the exte n t  of the var iation 
between fa mil ies w i th in  a provena nce group has 
provided con fid ence in the i nterpretat ion of resu l ts f-c:>r 
vari ation bt:tween  groups .  

With in  th is se r ies of p i-ovc nancc tria l s ,  XS  1 2  is 
pa rticu larly i mportan t  in that it is the on l y  tri.1 1  with a 
good represe n tation of the Corsican so u rces . Th ey have 
consistent ly proved to be sign i lic.1nt ly stra ighter than 
other prove na nces .  

There is a strong i ndicat i on from trial resu l ts t h a t
select ion and b reed i ng withi n t he  Port uguese 
provena nce wou ld  resu l t in use fi.d i m provement  in stem 
stra igh me. s .  For e x amp le , the family E I  9x E40 
approached the level of form in the  Corsican race which 
has long been considered the best formed provena n ce 
( Hopkins 1 960 ) .  

Th e ye;irs 1 976 t o  1 977 were t h e  d r iest on record i n  
t h e  region a n d  resu l ted i n  co nsiderab le  c row n d:image 
and pine dea ths th rou ghou t the pl ;1 1Ha t ion . The tri a l 
provi ded  a n  idea l fie ld bas is to assess the d rOl 1ghL 
r<::sistan cc of d i tlc re n t provenances. 

I t  was fc 1r tu 1 1atc th ar the sta nds were su i tably 
deve loped to clearly describe provena n ce response to 
the l 976-77 d rought .  This has n ot been demonstrated 
prev iou s ly i n  ma t u re trees . Cl earl y  the  I ,e i r i a n  
provena1 Ke is t he m ost d rought -rc .� i stan t of the  
p roven:1 rn.:es com pa red .  

Th crt: was  conjecturt: whe ther pl us tree se lect ion fo r 
form and  v igo111 i n  the i mprove ment " progra m wou ld be 
l :wo m.1 hle to species' d rnu!,!;ht  resi st:rn ec .  Resu l ts for 
comro l l ed  c rosses i n  T:1 hle 8 i nd ica te  t hat t hey .1r1: .i t 
least as res i sra m as the  pare n t  popu lat i on ,  which 
su ggests rhat  select ion w i th i n  die l ocal breeding 
program wi l l  at l east mai n ta in  the h i gh d rought  
resistance disp layed by the race .  

Th e Lei r ian fami l ies w i th  · i g n i tic.mtly grea ter 
b iomass ( h eight  and basal area ) were s u perior in 
d rought res is ance (0 .8  pe r  cent mort:a l i ry ) to the 
La ndes (9 .7 per ce n t )  and Corsican ( 1 0 .  l per cen t )  
gro u ps .  The latte r gro u ps were s i m i l ar i n  sens i tiv i ty ro 
d rought wi th some var i :l t ion between fami l i l:S .  Resu l ts 
from other tri a ls su bjl:ct- to the  same d rough t  ( XS 1 1 , 
XS09 , X R. l ) have supported thesl: concl u sions . 

The results of this tri;1 l  on a l imestone soi l arc 
esse n t ial ly s i m i l ar to those obta ined from tr i n l s  011  the
deep grey Bassendea n sands  ( McArt h ur nnd  lk tc nay 
1 960 ), thus  i nd i c a ting an ncbptabi l i ty of prove na nce to 
d i fferent soil types. The tr ia l  is  a lso he lpfu l  i n  i nd icn t i ng  
the  value of ha l f-s ib ( M P D L) and  fu l l - s ib  ( E l 9xE40 , 
E5xE40 ) select ions in i mprovi n g  co111 111ercia l  
produ ction of the species . 

The advantage of the Portuguese provenance for 
volu me production i n  Western Au stra l i a  is obvious . 



TABLE 7 

Results for stem straightness al age 7.5 years and diameter, 
height and volume at age 19. 5 years for lrial XS 1 2. 

STAND AGE 7.5 YEARS STAND AGE 19.5 YEARS 

PROVENANCE STEM STRAIGHTNESS VOLUME DIAMETER HEIGHT 

GROUP ACCEPTABlE IDEAL (m3 ha-11 (cml Im) 

RANK % RANK % RANK MEAN RANK MEAN RANK MEAN 

Leiria E5xE40 5 67 8* 16 2 147.2 2 23.9 1 16.5 
Leiria El 9xE40 7 65 6* 23 149.4 1 24. l 2 16.3 
Leiria MPDL 9 .. 60 7* 19 3* 138.6 3 23.7 3• 15.8 
Leiria Routine 10* 51 9* 15 4* 118.9 4* 22.3 4* 15.4 
Landes 64445 6 67 5 25 6 65.5 6 17.9 5 12.6 
Landes 64435 8* 60 10* 13 10 49.l 10 17.0 6 12.2 
Corsica 37 49 1 72 3 32 9 49.6 9 17.5 9 10.6 
Corsica 3750 3 70 2 32 8 53.4 8 17.6 7 11. l
Corsica 3751 2 72 33 5 61.5 5 1 B. l 8 11.0
Corsica 3752 4 68 4 30 7 53.7 7 17.6 10 10.3

LSD .05 9 8 11.3 1.2 0.6 
LSD .01 15.1 1.7 0.8 

• Not significonriy differenl to the Routine control.

TABLE 8 

Dislribution of damage in trial XS 12 resulting from the 
1976-1977 drought. The trial was planled in 1967. 

FAMILY TOTAL NUMBER OF DEAD AND SEVERELY DAMAGED TREES DAMAGE 
AND TREES % 

PROVENANCE PER FAMILY BLOCK 
II Ill IV V TOTAL 

E5xE40 180 0 0 0 0 0 0 0.0 
E19xE40 180 0 0 l 0 0 l 0.6 
MPDL 180 0 l 0 1 0 2 l. l
Routine 180 0 0 0 3 0 3 1.7 

LEIRIA 6 0.8 

64435 180 5 1 3 2 l 12 6.7 
64445 180 3 7 2 2 9 23 12.8 

LANDES 35 9.7 

3749 180 10 1 1 6 5 23 12.8 
3750 180 4 3 1 2 6 16 8.9 
3751 180 0 l 2 5 2 10 5.6 
3752 180 4 4 2 4 10 24 13.3 

CORSICAN 73 10.1 

Total 1800 26 18 12 25 33 114 6.3 
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Trial XS09 - Twlisian and Spanish 
Provenances at Gnangara 

Establishment  

Th<.:re i '  110 record of tri a ls o f  seed sources from ort h 
Africa or Spa i n  i n  early i n trod uct ions of P. pinaster i n to 
W<.:srern usr ra l ia . Reports of comparisons i n  outh 
A frica ( Rycroft .1 1 1d Wid1 t  1 947 ) gave l i tt le promise th .it 
the Moroccan cou l d  bl: o f"  commerci :i l  adva ntage in 

outh Afri c.1 . I r  was, however ,  desi 1·ab lc  to tesr 
provenances fro m North A fr ica i n  Weste rn Austra l i a  to 
provide fu t ure gene sou rces for the breeding progra m .  
I n  pMtirn lar, the stal l !S o f  t he d rough t res i s t ,1 1 1<:e of r he 
Pun u g u ese i m p roved r:ice was q m:srionable and African 
provenances m igh t  h ave h ad some advantage in th is 
a t t ri bm<.: . Th<.: avai l a bi l i ty  o f li a l r:sib .�ced col lected i n  
"I un isia prov ided an opportu n i ty to compare the 
ch :1r:ic 1 e r ist ics of r h is orth A fr irnn source with 
Portu gm:s<.: and pan ish sou rces i n  t-r ia ls at G n anga ra 
and Y :rnchep i n  1 966 and 1 967 . 

Provenances - The fc ) l l owi ng provenance gro u ps 
were compa n:d (Tabk 9 ) :  
1 .  Lei rian f u l l -si b - one  seed l ot, the sta ndard cross 

E·�vxE2 used as a resr n in the  i mproveme in 
program . 

2 .  I .e i ria 1 1  ha l f:s i b - eight sep:1 r a te seed l ots li- 011 1 trees 
E l 04 ,  E l  1 0, E l  1 5 , E l  2 1 , E l 3 1 ,  E l 52 ,  E l 7 3 and 
E 1 8 1  se l ected .1s p lu� t rees i 1 1  I he I i  >re.� t of" L c i r i :1 .  

3 . e i ri a 1 1  Rou t i ne - one comme rcia l seed lo t  i m po rted 
fro m rhe f im:sr of "  I .<.:i r i ;i .  

4 .  on h Sp:1 i n  - 0 1 1  • pooled seed  l or eol lec r cd  I i-om 5 
t ree.� i n  :1 p b 1 1 1 a t io 1 1  .i r lbrr · i ros hy l \.Try ( Perry and 
H opki 1 1 s 1 967 ) 0 1 1  t h e  1 10 1- r h co:1s t  o l " Sp:1 i n .  Th<.: 
trees \ <.: re  of i:;rn ,d l c irn 1  and vigo u r  wi t h  de nse , d ark 
green crowns. 

5 .  West Sp,1 i 1 1 - one  pooled .�ced lo t  col lected by Pe rry 
near La Toj a  w<.:st or Pomevcd ra 0 1 1  the west coasr 
of Spai n ,  fi·om ;1 bo1 1 t  20 fast growing trees of good 
form . 

6 .  Tu n is ia n hal t: s i b - 24 h:1Wsib seed l ots  fro m  p lus  
rrees at A in  B accouch i n  n on h -wcst Tu nisia. 
Trial Design - Ten - tree l i ne  pl ots wi t h  8 

rq1l icar io 1 1s  were used i n  ra n dom ized bl ocks . 
Procedm·e - Planrs were raised i n  n1 bes and pbn tcd 

out  w i th  superphospha tc  fert i l izer spot appl ication i n
J une 1 966 .  The i n i t ia l spaci n g of 2 1 5 0 stems ha ' was
1·h i 1 1 11ed to 1 080 stem s h a ' ( 1 0  p l an ts red u ced to 5 i n
each l i ne p lot ) i n  1 97 1 ,  to 4 3 0  stems h a ' ( 5  t o  2 i n
each l i n e  plor ) i n  1 977 a n d  t o  2 1 5  stems ha 1 ( 2  r o  I i n
<.:ach l i ne plot ) in Septembe r  1 98 0 .

u perphosphate was broadcast at t h e  rate o f
5 0 0  k g  ha I i n  October l 9 7 2  a n d  500 k g  ha ' of Agras 
( P ) bti l i z<.: r  was broadcast i n  September 1 9 8 1 .  

Pru n ing was carried out i n  1 97 1  ( to 2 m) ,  1 975 ( to 
4 m )  and 1 980 ( to 7 m ) .  

Meastuement - Heigh ts were measu red i n  J une 
1 970 ( age 4 yea rs )  and bo h heights and diameter 
we re measured i n  Dece m ber 1 976 ( age 1 0 .4 years ) . 

66 

CALMScience 

Results 

Height and d i ameter means from the 1 976 
measurement (Table 9) show a c lear scpa rntion of rhe 
Atl anr ic and Tu n isia n  p roven:ince group . . A l l  Tu 11 is i<1 n 
famil i es were sign i fica n tly less rhw the Span i sh  and 
Le i r i a n  provenances i n  he igh t growth :ind  s ign i fic:1 11\" l y  
i n krior ( .0 1 level ) in d i a met<.:r growth , ..:xc<.:pt f o r  the 

orth Spai n and E 1 3 8 and E 1 7 3  I ,c i rian ba tches .  
Ge nera l ly the  Por t u gues<: and Tun is ian fo m i l ies showed 
u n i form and cont i n uous va riat ion w i t h i n  groups.

O n ly four  of the At l amic rnast fa m i l ies ( E I  52 ,
E40x E2 ,  E I  3 1 ,  E I  04)  grew sign i fio n t ly faste r ( . 05  
level ) r h an  the romi 1 ll" .�o u rce l t > r  h · i ght growrh w h i le 
non<:, wit h in  t he A tlan l i c  gro u p, d i tkred signi ficm rly 
from th i s  co n t rol for di ,1mcter . 

Discussion 

Th e mean heigh t.� ;rnd diameter.� of the Span ish 
prove 1 1 ;1 1 1ces and the com mercia l  Portuguese routi ne 
sou rl"e did nm d i ffer s i gn i t icant ly from each other . F ield 
descr i ptions ( P<:rry and H opki ns I 967 ) had i nd icned 
phe notyp i c  s i m i l a ri ty bet·wee n thcs4.: grou ps.  

Seed l i n gs of the Tun is ian provcn :mce were 
tfot i nctivc ly d i fri.:re nt i n  :1ppeara nee from rh o.�e of other 
JJi1ms pinnst"cr prove 1 1 ;1 1Kes i n  t he n u rsery . The bud has 
a w h i t ish edge to rhl"  sca le t h:1 t  i s  l i ke t hat or 
P. r11 1111 1 ·h11.,"i.� i n  1 he 1 1 u r�l" I ")' stage . The c .�pni me n 1·:1 I
s i te i s  ad j ,Ke nl " lo , swampy arc.:a and i n  the ear l  s t agcs
of t ·he !T i a ! a l l  L hc Tun i s i a n  tn.:c .� were coven:d w i t h  the
woo l l y  :1ph id ( Pi1h·11s pi11i ) . Only occ1s io tul  t-rces of
Por t u guese or i!!,i l l  we re :1 lkc t cd hy t he imcc t .

The ' l "u 1 1 i s i ,1 1 1  t r<.:es w<: 1-c t i l e  1 1 1 os1 p r<.:coc ious i n  
t l m  eri 1 1g of :1 l l prove 1 1 :1 1 ices rested i n  Wcs t<.:rn A usrr,1 l ia .  
Abundan t  po l le n a n d  con <.:  d evc !opm<:n r , a s  app.1re111" 
wi t h i n  f o ur ye.1rs of pbnti n g .  

Stem form of t h e  Tun isian fam i l ies was i nte r ior to 
r hat o f rhe be tter Lei rian grou ps bur  t h i . w;1s not 
q uant i t a t ively ;1ssessed ( sec Tria l X R I  for ,1 1 1  :1ssessment  
of th i s  1-ra it ) .  

No s ign ifieam m orra l i t ics occurr ed  i n  any  family i n  
r ria l  X 0 9  d u ri n g  t he 1 976 d rough t .  ome adjacen t 
tria ls were severely a ffected and good surviv,1 1  i n  trial 
XS09 cou ld  have been owing to its wetter local i ty and 
f rs we l l  t h inned condi rion . The com parison for drou ght 
rcsistancc was betrer mad e i n  L ri :i l  X R I  which was 
established on a very d rough 1 -p ro1 1 c  s i te .  

Trial XRl - Strip Comparisons 

Establishment 

Trial XR l di ffe rs from a l l  orhcr p rove nam:e 
com parisons in this ser ies in that  i t  does n ot fo l low a 
normal stat ist ic .i l ly control led des i gn .  The objecti ves 
were to : 
1 Esta bl ish on a si milar site a wide ra nge of 

provenances, some wi th l im i ted rlant number . The 
large nu mbers of proven.i nces avai lable for 



TABlE 9 
Mean height and diameter of Portuguese and Spanish 
provenances and half-s ib Tunis ian fami l ies in lrial XSOQ al 
age l O years . 

RANK HEIGHT (ml DIAMETER OVER BARK 1cm) 

FM\ILY MEAN 

l P E l 52 8 . 7 

2 P E40xE2 8 .7 
3 P E  1 3 1 8 . 5  
4 P E l 04 8 . 5  
5 P E 1 1 0 8 . 3 *  
6 P E  1 1 8 8 . 1 * 
7 P E l 45 8 . 1 * 
8 P E l 2 1 8 . 1 * 
Q P E 1 1 5 8 . 1 * 

1 0  Spain West 8 . 1  * 
1 1 P E  1 8 1 7 , 8 * 
1 2 P E l 56 7, 8 *  
1 3 P Routine 7 . 8 *  
1 4 P E l 3 8  7 . 7 *  
1 5  P E l  7 3  7 . 7 *  
1 6 Spa i n  Norlh 7 . 6 *  
1 7 T 3539 6 . 2  
1 8 T 3524 6 . 1 
1 9 T 3529 5 . 9  
20 T 3547 5 , 8  
2 1  T 3528  5 . 7  
2 2  T 354 l 5 ,6  
2 3  T 3532  5 . 6  
24 T 3527 5 .6 
25 T 3535 5 .6 
26 T 3 537 5 . 5  
27  T 3533  5 . 5  
2 8  T 3526 5 . 5  
29 T 3545 5 .5  
30 T 3543 5.4 
3 1 T 3530 5 .4 
3 2  T 3546 5 .4  
3 3  T 3534 5 . 3  
34  T 3544 5 . 3 
35 T 3525 5 . 2  
36  T 3542 5 . 1 
37 T 3540 5 . 1 
3 8  T 3538  5 . 1 
39 T 353 1 5 .0  
40 T 3536 4. 8

LSD . 05 = 0.62 
LSD . 0 1  = 0. 8 1

FAMILY 

P E40xE2  
P E l  3 1
P E l  52  
P E l 04 
P E l  1 0  
P E  1 8 1
P E l  1 8
P E l  1 5
P E 1 45 
P E l  2 1  
P Rou t i ne 
Spa in West 
P E l 56 
P E \ 73 
P E l  3 8  
Spa i n  Nor th 
T 3539 
T 3543 
T 3524 
T 3528 
T 3527 
T 3529 
T 354 1 
T 3547 
T 3545 
T 3530 
T 3535 
T 3544 
T 3534 
T 3 546 
T 3 5 32  
T 3537  
T 3526 
T 3533  
T 3538  
T 3525  
T 353 l 
T 3542 
T 3540 
T 3536 

LSD . 05 = 
LSD . 0 1  = 

MEAN 

1 3 . 5 *  
1 3 . 3 *  
1 3 . 1  * 
1 3 . l * 
1 3 . l * 
1 3 .0 * 
1 2 .Q*  
1 2 .5 * 
1 2 . 5 * 
1 2 .4*  
1 2 . 3 * 
1 2 . l * 
1 1 .9* 
1 1 .Q *  
1 1 . 7 *  
l l . 3 *
1 0. 7
1 0. 2
1 0. 1
1 0 .0
1 0.0
1 0.0
9.9
9.7
9.6
9.6
9.5
9.5
9.4
9.4
9.3
9.2
9.2
9. 1
9. 1
8 . 7
8 . 6
8 . 6
8 . 3
8 . 1

1 . 1 0 
1 .45 

p Portuguese T Tun is ian fami l ies . 
* Nol s ign i ficantly different ( .05 level )  to the Routine Conl rol .

comparison, the varying importance of  the 
provenance groups to the local program and the 
small numbers of seeds available in some groups 
either precluded replication within a standard 
experimental design or did not warrant the work 
involved in establishing and measuring such a trial . 

2 Use an in terplanted control seed source as a 

standard or covariant on which to rate the 
performance of each provenance and to overcome 
problems caused by site variation within the test 
area .  

3 Evaluate Spanish Ital ian and Tunisian provenances 
under drought-prone condit ions and on the yel low 
l imestone sands of the Spearwood Dune Series 
(McArthur and Bettcnay 1960 ) . 
Provenances - Provenances tested included: 

1 Routine - imported Portuguese seed (S3352 ) used 
as the control . 

2 Leiria S2 - a fuJl-sib family with plus parents 
(E40xE2 ), used as a standard in all progeny ttiaJs .  

3 PDL4 - half-si b seed from a plus tree selected in 
Portugal (£ 1 04) . 

4 Portugal - a batch of seed collected from an isolated 
stand near Lamego in north Portugal . 

5 Landes 1 and 2 - two half-sib famil ies from plus 
trees in d1e Landes forest (S2860, S2865 ) . 

6 Tunisia 1 to 6 - six batches of seed mixed from 
eighteen half-sib col lections from Tunisian plus 
trees .  

7 Lu cca - an Ital ian provenance from Lucca in 
Tuscany (S2855 ) . 

8 Italy - a general Italian provenance (S2864) . 
9 Spain - seed col lected at Barreiros on d1e 11ord1-west 

coast of Spa in .  
Design - The trial was established in a rectangular 

block wid1 130 rows of trees aligned in a north -south 
direction. Each row was 120 m long and included 
approximately 60 trees at 1 . 8 m spacing. Spacing 
between rows was 2 .4 m  (i .e .  a stocking of 
2243 stems ha- 1 ) . Each provenance or family (or 
mixture of fami l ies in d1e case of some TLUusian 
groups) was planted in a strip of four rows with four 
rows of d1e routine Portuguese stock on either side as a 
control . Sufficient stock was available for the Spa11ish 
and Leirian S2 seed lots to be planted twice to provide 
some replication within d1e tria l .  The outer three trees 
at d1e end of each row were regarded as a bttffer and 
onutted from measurement .  

The trial was establi hed in two sections and only 
d1e section in Compartment 48A is considered in dtis 
report. 

Procedure - The trial was planted at Yanchep in 
1966 on. yellow coastal sands . The site is flat with a 
s l ight increase in elevation from west to east. 

The control and most od1er stock was open rooted 
and planted by machine; the tubed stock (Leiria S2 ) 
was planted by hand . 

Trees were low prnned in November 1 976 and 
thinned to approximately 450 stems ha-1 in May 1 980 .  

Measurement - The trial was evaluated in 1979 by 
students from the Western Australian Institute of 
Technology. F

i
fteen trees in each of the two inner rows 

of each four- row bay were measw-ed to allow a mean of 
30 trees of each provenance to be compared by 't' tests 
with d1at of d1e adjacent controls. Form was 
subjectively assessed on d1e basis of the standards 
presented in Table 2 .  
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Results 

Resu l ts arc presented in  Tab les 1 0  and 1 1 . I n  Figu re 4 
the impact of topography on site i ndex is depicted by 
the dotted l ine for he igh t  of the rou t ine  Lci ria control 
i n  th · heigh t graphs. 

Height and Diameter - At age 1 3  years, the fu l l ­
s ib  and ha l t�s ib Lcir ia (S2 , P D L4) and  one  of the  two 

orth Spa in  p lan ings wer · s i gn i f i cant l y better in he ight 
growth than the con trol (Table I 0 ) .  With the exception 
of the other orth pai n lor and Landes l (S2860 ), a l l  
o ther  p rovcn:1 11ces wc r · s ign i f icant ly poorer i n  heigh t
growth than the a ! jacent Port uguese con tro l .

Trees of the pan ish sou rce l oc:ued 011  the h ighcr 
s i te qua l i ty end of the tri :i l  wcrc s igni l ican r l y  smal l c r  i n  
d i ameter than the contro l ,  bu t  t h e  ot her  pan ish 
samples and a l l  Portuguese provenances equ al led or 
exceeckd the contr I .  1 hrce 1 un is ian grou ps, Lande 2 
( S2865 ) and both l t;1 l i an  provenances were s ign i fica n t l y 
i n ter ior i n  d ia ,rn.:tcr growt h . 

Form - The percentage of trees w i t h  above average 
bole stra igh tness i n  ri gurc 4 var ied from 8 to  63 for th · 
control ( Tablc 1 1 ) ovcr the r:1 1 1ge o f  the tr ia l . Si m i l arly ,  
t h c  same Spanish provcnam:e a t  cach e n d  of r hc tr ia l  
var ied from 1 4  to 56  per ccn t .  1 here is 1 10 reason for 
such d i tlc renccs to Ix: associ :1 t ed  with s i te vari a t ion and 
the trend is no t  i n  acco rd wi t h  varia t ions measu red i n  
s i te  i ndc x . Th i s  wide var i a t ion ,  presen t  i n  rhe  
a.�sessmcnt  procedure for t h is a t t ri bute, makcs the data
mos r  suspec t ;1 1 1d d i flic u l t  t o  i merp re t .

Vari :1 t ion i n  resu l t s  i n  t he con t ro l  prove nance f i > r  
other l i mn c l 1 :1ract cr is t  i cs res t ri c t s  i n re rpre LH ion . I t  
shou l d  be no 1ed however ,  tha t  l < > r form eha rac t e r i� t ic� ,  
the.: ;1d jacrn1  f i i l l -s i b groups '2 and  t h e  ha l f � sib P D ! . 
have good agreemen r .  Most d i ffc re nccs i n  the tria l ca n 
thus be assoc i a ted wi th  actual vari at ion wi t h i n  the  
proven ance groups and nor necessari l y  w i th s ite or 
measu rement drccrs . 

The resu l ts c learly dcmonstrnte the flatter bra nch 
a ngle  i n  the Tu n isian ;rnd I ta l ia n trees as d ist inct from 
the typica l  h igh angled branch i ng pattern p rcsent  in a l l  
Atl ant ic provenances . 

Discussion 

This tie ld tria l demonstrates the importance of 
repl icat ion in i n terpretat ion and val idity of resu lts . By 
i tself it has l i t t le mer i t  for provenance eval uat ion other 
than as a re ·on n::iissancc procedure .  However, resu lts 
for heigh t and diameter growth arc in accord with those 
of other trials and i ha extended the findings on the 
grey sand at Gnangara to the drought-prone l imestone 
sands at Yand1ep ( trial XS09 ) .  

The resu l ts show that the Atlantic group 
( Portuguese ,  L1ndcs and north-coastal pain ) 
performed best i n  height and d iameter growth and the 
Tunisian and I ta l ian groups were i J1ferior in these 
respects . 

The Span ish and Portugt.1ese groups did not differ in 
stem straightness (Table 1 1 ) from the contro l .  This 
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performance is as cxpcctcd from dcscr ipt ions o l "  the 
provenance in the fie ld  ( Pe rry and Hopkins 1 967 ) . The 
Landes group was as  good or b ·ttcr than tht: con trol in 
st ra ight ness and the Tu n is ian and l ta l i a n  groups were 
ge neral ly i n ferior . 

N o  u sefu l  comment can bc made tor res l i l ts on the 
freq uency of trees withou t forks, ram ieorns or damaged 
leade rs (Table 1 1  ). Most provenam:cs a rc as good as, or 
better th an, the i mported Portuguese seed batch .  
forki ng and  ram icorns have long been  recogni zed as 
major form defects in i mportcd Portuguese stock. 

Resu l ts for branch angle shown in Table 1 1  suggest 
that the  Tunisian and I ta l i an  prove nances have a h igher 
proport ion of flat ( low angle ) b ranch ing .  Th is  su pports 
field observat ions in tri a l s  3/65 and XS09 and the 
genera l expectat ion of Mediterranean races. Spanish and 
La nde · groups have highcr angled b ranching, s im i lar to 
he Port uguc e gro u p  and a characteristic of the 

Atlantic race. 
Trial resu l ts for branch th ickness cannot be 

in terpreted to show any real advantage over the control 
( ce also t rials Y 5 1 ,  YS52, YS5 3 ) .  

This prel iminary analysis of the trial suggests that 
excessive variation is associated witl1 inconsistency of 
measu rement and an inadequate sample size in each 
plant group . Data do not warrant  covariant analysis 



TABLE 10 

Mean survival, height and diameter of unreplicated strip 
plantings of various provenances at age 1 3 years for trial 
XR l. Significance is at the 0.05 level and represents 
differences between the prover.once and the adjacent 
control, evaluated by 't' tests. The Routine leirian seed batch 
was used as the control. 

PROVENANCE SURVIVAL !%1 MEAN HEIGHT Im) MEAN DIAMETER (cm) 

PROV. CONTROL PROV. CONTROl StGNIF. PROV. CONTROL StGNIF. 

Spain IBarreiros) 90 100 92 9.0 NS 11.9 13.3 * 

Spain IBarreiros) 83 97 8.8 8.3 * 11.5 10.8 NS 
Tunisia l 90 90 5.9 7.7 .,, 10.l 9.7 NS 
Tunisia 2 90 90 5.9 7.9 * 9.1 10.5 * 

Tunisia 3 87 93 5.8 8.3 * 9.1 9.6 NS 
Tunisia 4 87 93 5.4 7.3 * 7.6 9.5 ,. 

Tunisia 5 100 97 5.9 7.3 8.9 9.8 NS 
Tunisia 6 80 100 6.0 7.5 9.2 10.5 * 

Landes 52860 97 93 7.9 7.9 NS 11.2 11.7 NS 
Landes 52865 80 87 5.7 7.8 * 8.4 10.8 .. 

Italian 53 90 5.0 7.8 • 7.8 l l.4
* 

Lucca 97 97 5.6 7.9 * 8.1 10.2 .. 

Portugal llamego) 90 93 7.7 8.4 * 10.3 10.8 NS 
Leirio 52 97 80 9.0 8.3 " 12.0 11.2 NS 
Leiria 52 97 97 9.8 8.4 * 12.3 10.3 * 

Leiria PDL 4 93 83 9.9 8.8 * 12.8 11.7 NS 

Tunisia l 53543 
Tunisia 2 S3524 
Tunisia 3 53528,29,35,46 

}
Tunisia 4 53526,30,33,40 

Mixtures of W.A. serial numbers 
Tur.isio 5 53525,32,36,47 
Tunisia 6 53537,39,42,44 

Prov. - Provenance mean 
Control - Control mean 

w1less a more comprehensive measurement is carried 
out. This is not expected as indications of provenance 
performances in the trial a.re satisfactorily explained in 
conjlmction with associated trials. 

Form assessment is a subjective procedure and 
consistent results can only be obtained using 
experienced and reliable assessment crews and allowance 
must be made for inaccuracy owing to inexperience of 
the students measuring the trial. It is not practical, 
however, to fully test all provenances or progeny groups 
which may have merit to a local program and as a broad 
based screening medium the trial procedw-e may be 
usefu]. It is well backed by trial XS09, on the sands at 
Gnangara, to provide for a satisfactory evaluation of the 
Tunisian and Spanish groups. 

If the design must be employed in future, several 
obvious improvements are worth considering: 
1 A full-sib or half-sib family should be used as the 

control to reduce the excessive variation inherent in 
non-selected routine seed collections. 

2 If it is not possible to use a full-sib family as a 
control measurement w1its of the order of 50 trees 
should be employed to improve d1e sample of each 
provenance. 

3 Several provenances should be duplicated to gauge 
the extent of variation in comparisons. 

4 Form assessment should be kept simple and 
restricted to experienced assessors. 
Drought Deaths - During the 1976 drought, 

scattered deaths occurred within the u·ial. Assessment of 
survival numbers (Table 10) revealed that the Italian 
and one Tunisian batch fared worse than the routine 
control. In general, however, survival of all other 
provenance groups, in particular the full-sib and half-sib 
Leirian selections, is considered most satisfactory under 
the conditions. 
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TABLE 11 

Comparisons of stern form in unreplicated plantings of 
various provenances in trial XR l al age 1 3 years. The 
Routine leirian seed batch was used as the control. 

PERCENTAGE OF ABOVE-AVERAGE STEMS 

PROVENANCE STRAIGHTNESS BRANCH BRANCH NOT 
THICKNESS ANGLE FORKED 

PROV. CONTROL PROV 

Spain {Brn,eirosl 14 11 7 

Spain {Ba11ei1os) 56 61 4 
Tunisia l 15 8 7 

Tunisia 2 4 41 11 
Tunisia 3 44 32 24 
Tunisia 4 16 52 24 
Tunisia 5 21 46 28 
Tunisia 6 8 47 0 
Landes 11S2860) 55 50 10 
Landes 2(528651 83 54 4 
Italian 44 63 0 
Lucca 41 45 3 
Portugal ILamego) 19 30 5 
Leirio S2 17 13 3 
leirio S2 14 32 0 
Leirio PDL 4 32 14 11 

Prov. - Provenance mean 
Control - Control mean 

Landes Half-sib Families 

Afurthergroupofrrials(X.11, Y 08, Y 09, Y 10) 
within the early improvement program incorporated 
hait:sib families of plu trees selected in forests of the 
French andes region. hese were compared with 
routine cirian imported seed, full-sil Lcirian crosses 
from local selections and halt:sib Leirian families from 
plus trees in Portugal. 

At the time, plus tree selection and e aluation 
accounted for a major part of th· time spent on rre · 
breeding. I nteres in French half-sib material was high 
as some West Australian foresrers still favoured rhe 
l�1ndcs seed and therefore ir required borough resting.

Tri. I X 11 ,, as established at Gnangara in L 967 and 
included 14 Lrnde h.1Jt:sib families. Trials Y '08, Y 09 
and Y '10 contained 4, 9 and 10 Landes fomilic. 
respectively, of which at least four arc common to two 
·ices. They have the routine, half-sib Portuguese and at

least 9 full-sib cirian crosses in common and represent 
a wide range of soils at Gna11g,1ra, Yanchcp and 
Mundaring. 
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CONTROL PROV CONTROL PROV. CONTROL 

14 7 21 69 43 
4 0 7 100 75 
4 26 33 78 71 

15 41 30 52 78 
14 28 7 92 61 
22 20 4 96 93 
14 62 0 97 100 
17 50 3 100 100 
0 7 4 97 89 
4 0 15 96 81 
7 31 7 100 85 

10 34 21 90 86 
11 5 15 86 59 
0 0 25 76 54 
7 0 0 72 86 
0 0 0 68 68 

Trial XSl 1 - Comparisons of Leirian and 
Landes Families at Gnangara 

Establishment 

Provenances - Trial X 11 incorporarc · a routine 
imported Lcirian seed batch (S3697), a mixture ofhalf­
sib seeds from plus phenotypes selected in Portugal 
(MPDL), 4 full-sib crosses from Portuguese plus trees 
selected in local plantations and 14 half:sib families 
from plus trees selected in French Landes forests. 

Design -The families were planted out in I 0-tree 
line plots with 10 replications in a randomi;r,cd block 
design. 

Procedure - The trial was established in June 1967, 
with tubed stock, in Clover Block, Gnangara plantation. 
Planting was at 3m x 3m spacing (1080 stems ha'). In 

ugusr 1977, the trial was thinned to 540 stems ha·' 
(IO trees to 5 per plot) and in cptembcr 1980 the 
stand was further reduced from 5 trees to 2 per plot. 

Fertilizer was added as a spor application of 60 g of 
supcrphosphate per ccdling at time of planting and 
500 kgha-1 of supcrphosphatc was broadcast on the trial 
in cptembcr 1972. In 1976 a further 500 kgha-• of 
supcrphosphatc plus 200 kgha·1 of urea was broadca t. 

The trial was pruned progres ively to 7m height. 
Measurement - Heights were measured and 

survivors cotmrcd in January 1971. Height and 



diameters were measured in December 1976 .  In 1977 a 
drough t damage assessment was made prior to 
thinning . 

Results 

Results for the measurements and analysis are set out  in 
Table 1 2 . 

Height and Diameter - At 3 . 5  years of age 
superior height growth was evident i n  the Poru1g1.1ese 
fami l ies . By age 9 . 5  years this superiority was 
significantly ( . 0 1  leve l )  tal ler and of greater diameter 
than any of che Landes families . At this stage the 
MPDL was similar to the Portuguese routine batch in 
both height and diameter . All crosses from local 
select ions were significantly better than the imported 
routine seed batch. 

The Landes fam il ies varied significantly among 
themselves in both heigh and diameter. 

Drought Damage - Drought damage was well 
distributed over the entire trial area. Damage was 
greatest ii, the Landes famil ies (Table 12 )  and was 
reasonably high for the Portuguese routi ne. It was 
negligible for the fo l l - ib crosses and the half-sib 
Portuguese selections . 

Discussion 

Results from this trial contain ing half-sib families of a 
number of the best plus □-ees selected in the French 
breeding program show cl1at their growth was 
significantly inferior ro the Portuguese con trol and 
improved Leirian famil ies under Western Austral ian 
cond i tions .  This is supported by o ther performances of 
Landes half-s ib groups in trial XS 1 2  (Table 7 )  on 
l imestone soils , and trials YS0S ,  YS09 ,  YS l O .  

The clear and consistent results for resistance to 
drought damage in this and otl1er trials (XS12 ,  YS09 ) 
establ ishes the superiority of th e Lei rian provenance in 
drought resistance. The full -s ib crosses resulting from 
selections among acclimati zed plus trees in Western 
Australia have retained and improved on the drought 
resistance of the imported rou tine con trol . 

The significance of tl1e superior drought resistance 
of the Leirian race can be appreciated better when it is 
L"Cal ized that at the onset of the drought in 1976-77, 
the Portuguese trees carried 1 5 0  per cent more stem 
volume and 28 per cent more basal area and hence had 
a far greater water requirement than trees of the L-mdes 
provenance. T11ese results a.re confumed by details of 
mortalities in trial YS09 (Sec Table 16)  to be discussed 
later. 

Variation wi thin the Lande half-sib group and the 
highly significant differences obtained by 
acclimatization and selection in the Portugu.ese group 
(Table 12) reveal the scope for provenance 
improvement, to meet specific conditions . The data also 
indicate the degree of variation that may be experienced 
between different provenances within a major 

geographic group and wi th different standards or 
procedures for seed collection . Obviously there is need 
for repl ication u.1 provenances and a defined basis for 
seed collection, if one is to be confident that trials 
clearly demonstrate cl,e relative potentials of the 
different geographic groups . 

Trial YSOS - Comparisons of Lei.ria and 
Landes Families at Gnangara 

Establishment 

Provenances - Trial YS08 compared 20  seed lots 
covering the fol lowing provenance groups : 
l .  Leiria ful l -sib - 14  fu l l -s ib families from control led

crosses of plus u·ees selected in Western Australi a .
One of these crosses was a selfing (E40xE40) .  

2 .  Routine - a commercial seed batch (S3697) 
imported from Portugal ,  reputedly from the forest 
of Lei ria, u ed as the con trol . 

3 . Leirian half-si b - MPDL, a mixture of half-s ib seed 
lots from plus u·ees selected in Portugal. 

4 . Landes cross - LSMA, a mixture of seed from 
crossings between Landes and Lei ria pllls trees. 

5 .  Landes half-sib - three separate seed lots from plus 
trees selected in the Landes forests in France 
(L60252,  L60253 and Ll l 03 ) .  
Design - The familie.s o r  provenances were planted 

out in 10-u-ee line plots wicl, 10 replications i n  a 
randomized block design . 

Procedure - The trial was establ ished from tubed 
tock in June 1967 on grey sands in Clover Block, 

Gnangara Plantation . Planting was at 3 m x 3 m  spacing. 
Th innjng in August 1977 reduced the stocking from 
1080 to 540 stems ha-1 (from 1 0  to 5 trees per plot) . 
The stand was further reduced in October 1980  from 5 
trees to 2 trees per plot . 

Fertilizer was added as a spot application of 60 g of 
superphosphate per seedl ing at time of planting and 
500 kg ha-1 of superpbospbate was broadcast in 
September 1 972 . In August 1 978 ,  500 kgba-1 of Agras 
( P) ferti lizer was broadcast.

Lupins were sown on the tria l area in 198 1 with
dressings of 200 to 300 kg ha-1 of superphosphate in 
1981 and 198 3 . 

The t1ial was pruned in stages to 7 . 5  m height. 
Measurement - Heights were measured in Januaiy 

1 97 1 , Apri l 1 975 and August 1 977. Diameters were 
measured i n  April 1 975 , August 1977 and March 1 980 .  
A form assessment for  stem straightness and branch 
rnickness was carried out in October 1975 .  

Results 

Height and Diameter - Results for height and 
diameter arc listed in Table 1 3 .  Two of the three 
L·mdes families, the Portuguese mixed half-sib group 
(MPD ) and 4 full-sib families were significantly poorer 
in height growtl1 t l1an tl1e routine control at age 3 . 5  
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TABLE 12 

Results for growth and drought survival for fulbib leirian 
families and half-sib Landes families in !rial XS 1 1 at 
Gnangora up to age 1 0 years. 

FM\ILY 

E5xE40 
E45xE40 
Et10xE2 
El9xE40 
IE)MPDl 
IE)Routine 
L6L1391 
L64437 
[62354 
l622368 
LM4l7 
L62366 
L62365 
L64432 
L64430 
l62355 
L62348 
l6443<l 
L64422 
l62362 

LSD .05 
LSD .01 

AGE 3.5 YEARS 

I EIGHT 

MEAN(ml RANK 

2.40 l 
2.10 3 
2 01 6 
2.16 2 
2.06 4 
2.05 5 
1.92 9 
1.98 8 
1.87 12 
1.99 7 

1.87 11 

1.82 14 
1.74 19 
1.80 16 
1.85 13 
1.81 15 
1.78 18 
1.88 10 
1.79 17 
1.66 20 

Family designation commenci119 E - Portuguese. 
Family designation commencing L - Landes. 

* Not significantly (.05 level) different lo Routine.

HEIGHT 

MEAN(m} 

7.3 
7.1 
7.1 
7.0 
6.5· 
6.4* 
5.9 
5.9 
5.9 
5.8 
5.7 
5.7 

5.7 
5.5 
5.5 
5.5 
5.5 
5.4 
5.3 

5.2 

0.34 
0.44 

years. By age 7 .5 years ;:ill Landes half-sib grollps and 
the .Lciri,, selfing (E40xE40) were significantly interior 
in height and diameter to all other Portuguese families 
and the Lrndes by l.eiri.1 uoss (LSMA). This was .,lso 
the position with respect to di,1111eter at 13 years of age. 

Tree Form - Means obt:iined for the frmn 
assessment at age 8.5 years .,re presented in Table 14. 
· J 'hcse n:kr to the percentage of trees scored in the two
better classes (out of 3) for each trait (Sec Table 2).
Percentages arc left in the arcsin trnnsfonnation to
allow comp:irison of mean by the lea 't ·ignificant
diffrrencc (LSD) values.

Branch thickness comparisons in Table 14 at age 8.5 
year reveal th.it the Leirian routine, the Lande and 
two Leiri:rn fi.ill-sib group (El5xE2, El5xE40) 
cont;iined most trees with heavy branching and were 
similar in this respect. The Portuguese half-sib (MPDL) 
and remaining Leirian full-sib crosses were significantly 
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AGE 9.5 YEARS AGE 10 YEARS 

DIM\ETER DROUGHT 
DEATHS 

RANK MEAN (cm) RANK % 

1 10.6 3 2 
2 10.8 0 
3 10.8 2 0 
4 10.6 4 0 
5 9.7* 6 2 
6 9.8* 5 5 

7 9.1 * 8 l 
8 9.2' 7 3 
9 8.5 13 4 

10 8.7 10 20 
11 8.6 12 14 
12 8.5 14 5 

13 8.7 11 1 
14 8.11 15 2 
15 8.0 18 13 
16 87 9 11 
17 7.9 19 2 
18 7.9 20 10 
19 8.0 17 12 
20 8.0 16 12 

0.70 
0.92 

superior in fine branching. 
Results for branch angle show little variation in the 

proportion of flatter branching between families from 
both Portugal and Frnncc. Two full-sib families 
(ESxE40, E33xE40) show improvement through 
selection while another family (E28xE2) was int·crior to 
the routine source. 

The provenances poorest for stem straightness were 
the L.1ndes, the Portuguese routine and three full-sib 
Leiria crosses (E40xE2, ESxE40, E28xE2). Variation 
within the Leiria pedigree group ranged from 41 to 8 
per cent trees with acccpt�1blc stem straightness. Plus 
tree 'election in Portugal ( MPDL) and local plantations 
provided superior stem straightness coupled with 
superior vigour. The good tree form of the selfed family 
(E40xE40), in Table 14, indicates that selfing may offer 
a useful pathway to form improvement in the Leirian 
population. 



TABLE 13 

Comparison of Portuguese ond Londes families for height 
and diameter growth wilh age in trial YS08. 

AGE 3.5 YEARS AGE 7.5 YEARS AGE l 3 0 YEARS 

FAN\ILY HEIGHT (ml HEIGHT (ml 
MEAN RANK MEAN RANK 

E5xE40 2.79 2 7.2 2 
El4xE40 2.43 14 6.7* 12 
El 5xE50 2.79 l 7.0 6 
El9xE40 2.54* 8 6.8* 10 

E28xE40 2.57* 6 6.8* 11 
E33xE40 2.46* 12 7.0 5 

E40xE40 2.26 19 6.1 17 
E4 lxE40 2.71 * 3 7.0 4 
E45xE40 2.67* 4 6.8* 9 
E47xE40 2.35 17 6.7* 13 
El 5xE2 2.54* 7 6.9 7 
E28xE2 2.45* 13 6.9 8 
E33xE2 2.40 16 7.2 l 
E40xE2 2.49* 10 7.1 3 
MPDL 2.42 15 6.6* 14 
Routine 2.60* 5 6.5* 16 
LSMA 2.53* 9 6.6* 15 
l60251 2.47* 11 6.1 18 
L60253 2.30 19 5.6 20 
l6 l l03 2.20 20 5.7 

LSD .05 0.16 0.30 

The Landes are designated by L. 
* Not significantly different (.05 level) to the Routine control.

Discussion 

The trial results support other local studies in 
demonstrating the superiority in height and diameter 
growth of stands from Leirian seed over those from the 
Landes region. 

Witllin the Leiria.n group the only family 
significantly poorer for growth than the routine control 
was the selfing E40xE40 (Table 13). Generally the 
families resulting from crosses between plus trees were 
significantly better tl1an the routine control. 

The Landes by Leiria cross (lSMA) is interesting in 
that its growth was intermediate between that of 
Landes and Leiria.n families. This result was confirmed 
from otl1er u·ials (YSSl, YS52, YS53) and reports of 
early selection work in France by Alaza.rd ( 19 82). 

19 

The superiority of vigour ofLei1·ian families has 
already been demonstrated in other trials. The major 
value of the current trial is in the further definition of 
characteristics of stem form and branching between the 
Leirian and Landes provenances. No differences could 
be detected for percentage of fine branches between the 

DIAN\ETER (cm) DIAN\ETER 1cm] 
MEAN RANK MEAN RANK 

10.9* 6 17.3* 6 

10.6* 12 17.0* 7 
11.7 l 18.7 2 
10.7* 10 16.6* 14 
10.5* 13 16.5* 15 
10.6* 11 16.7* 10 
9.1 18 14.6 17 

10.9* 5 16.7* 12 
l 0.7* 8 17.0* 8 
10.3* 16 16.8* 9 
11.5 2 19.0 l 
10.9* 7 17.7 5 
11.2 4 18. l 4 
l l.4 3 18.6 3 
10.3* 15 16.7* 11 
10.7* 9 16.3* 16 
10.5 14 16.6* 13 
9.5 17 14.0 18 
8.6 20 12.7 20 
8.9 19 13.4 19 

0.76 l. lO

routine Portuguese, lSMA and two of the three Landes 
half-sib families. This is contrary to similarities between 
the provenances demonstrated in trial 3/65 (Table 6 ). 

It was not possible to distinguish between the 
Landes and most of tl1e Leirian families on me basis of 
bra.nch angle. In trial 3/65 (Table 6) tl1e Landes 
provenance contained a higher percentage of trees with 
favourable branch angle. There are reasons to suspect, 
however, that the seed lot used to represent ilie Landes 
area in that trial had greater affinity with the Corsican 
race than witl1 the normal Landes population. Evidence 
for future improvement witlti.n t.lle Portuguese group is 
shown in Table 14 where tl1e proportion of trees with 
acceptable branching in E5xE40 and E33x.E40 is 
significantly (.01 level) superior to tl1e rest. Lack of 
attention to this factor in selection could worsen tl1e 
situation as demonsu·ated by the cross E28xE2 which is 
significantly ( .01 level) poorer in branching tl1a11 all 
other families in the trial. Parent E28 was culled from 
seed orchards as a result of early test results. 

Stem straightness was similar between the Landes 
families and the imported Portuguese coou-ol. This was 
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TABLE 1 4

Comparison of Portuguese and Landes provenances for 
branch s 1 ze , branch angle and stem stra ightness in  t r ia l  
YS08 al  8 .5 yec rs of age. Means are for percenlage of 
acceptable stems .  

PERCENTAGE OF ACCE PTABLE TREES 

FAMILY BRANCH BRANCH S TEM 
TH IC KNESS ANGLE STRAIGHTNESS 
MEAN RANK MEAN RANK MEAN RANK 

E5xE40 76. 5 l 8 8 . 2 I 20 .7 * 1 3 
E l 4xE 40 7 1 . 7 6 76. 2 * 5 3 1 .2 4 
E l  5xE50 48 .0* 1 6 70. 5 *  1 3 8 . 1 .. 1 7
E l 9xE40 64.9 1 0 75 .6 * 6 2 2 . 8  1 0
E28xE40 72 .6 5 6 1 . 5 * 1 8 25 . 8 8 
E33xE40 7 3 . 2  4 85 . 5 2 4 1 .4 l 

E40xE40 7 5 . 0  2 78 .0 *  4 34 5 2 
E4 l xE40 66 . 3  8 72.9 * 1 1 29 .  l 7 
E45xE4 0 74 . 1 3 73 . 8 *  9 30. 6 6 
E47xE40 64 . 2  1 1 66.0 · 1 6 3 2 .4 3 
E l 5xE2  5 2 . 8 * 1 4  67 . 8 * 1 4  22 . 8 l l 
E 2 8xE2  60 . 9  1 2 35 . 4  20 2 2 . 2  • 1 2 
E 3 3xE2  66 . 3  9 73 . 8 *  8 3 0 . 6  5 
E40xE 2 7 1 . 4  7 78 . 6 "'' 3 1 9 . 5 ' 1 4 
MPDL 5 8 . 8 1 3 73 . 5 '' 1 0 24 3 9 
Rou t ine 4 3 . 2 *  1 7 66.9 * 1 5 1 0. 5 *  1 6
LSMA 5 2 . 5 *  1 5 75 .0 7 1 9. 5 * 1 5
L6025 l 39 .6 *  1 9 63 6 * 1 7 1 . 8 * 20 
L6025 3  30. 9  20 55 . 7 ' 1 9  4 .5 * 1 9  
l6 l l 03 4 3 . 2 * 1 8 7 1 . l * 1 2 8 . 1 * 1 8

LSD .05 1 1 . 0 1 2 . 3  9 . 6  
LSD .0 1 1 4 .0 1 6.0 1 2 . 7  

The Landes o r e  des igna led by L .  
* Not s ig n i fican tly d i fferen l ( . 05 level ) Jo lhe Rou t i ne conlro l .

a lso the case i n  one of two La ndes fa111i l ic� i n  t r i :i l  XS 1 2
(Table 7 )  b ut the other fami ly  and the  seed lot u sed i n  
tri a l  3/65 (Tab le  6) h ad bet ter  stra igh tness tha n  t h e  
un improved Lc i ri.1 1 1  pla n ts .

The improved stra igh rness of the top I I Lciri ;1 1 1
crosses i n  the c urre n t  r r i a l  (Tabk 14 )  and the cxcc l lcm 
performa nce of the  se l r-i n g E40 x  E40 i n  this 1·cspec t ,  
i nd i ca tes that select io n wi t h i n  he proven ance i s  
dkctivc i n  i mproving  r h i  · ch aracter ist ic 'c i ting m:1y b e  
of f o t 1 1 rc :.issistancc in t h i s  :i rca a n d  -.rn c:x r ens ivi.; sr.:lfi ng 
progra m was catTicd ou t  for nuny of the i n i t i ,1 1 loca l 
p lus  tree selections . 

Two features of these resu l ts a rc the favo11 r-:i blc 
b1·anch s i ze shown by the less vigorous cl fing  E40xE40 
(Tab le  1 4) and the relat ively poor torn, displayed by 
E l 5xE2 and E l 5 x E40 . The p lus  parent E l S  was 
u bsequcn tly cu l led from the breeding progra m on the

basis of consistent poor performance in branch ing  and
the use of E2 was restricted on the basis of poor form
and early height growth .
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Trials YS09 and YS l O  - Comparisons of 
Leirian and Landes Families at Yanchep 
and Mw1daring 

Establishment 

Tri a l s  YS09 and Y I O  arc · i mibr to YS08 and were 
designed to eval uate a wider  r,1 1 1ge of Lan des  hal t: sib 
fami l ies on two fu n her,  very d i ff-i.: rc nt soi l  types .  Y, 09 is  
l oca ted on the more fe rti le l i mestone  soi ls  at  Yanchcp
w here d rough t  is  more s ig n i f icant . Y 1 0  i · p lan ted on
good q u al i ty red l oam soi l s  ,1r M u n d a r i 1 1g ·om e 60 km
cast of Perth i n  the  Darl i ng ltm gc . 1:.. T c re, su perior soi l ,
tempera t u re and rai n f:  II cond i t io n s  favour  t he growth
ol '  l 'in us radiata, and  P. pinastcr can  no compete as a
com m e rcial  a l rcrn at ive.

Provenances - 'fri :i l Y ' 09 i ncl  lid es 1 1  Lcir ian (9 
fu l l -s i b, I rou t ine ,  I ha l rs i b )  gro u ps :ind 9 Lan des 
( ha l f:s i b ) groups ( T:1blc 1 5 ) .  YS I O  h as I O  Lei r i an  and 
1 1  La n des gro u ps ( ' l ':\Jlc 1 6 ) . 

Design - Tri a l  Y 09 i · ;1 rand om i zed block 
exper iment  w i t h  I O  repl ic .i t ions or  I 0- t ree l i n e  p l ots. 

Y 09 was fr:rri l i zed with 500 kg h .i ' ofsuper­
copper-z inc  tcrr i l i zer in October 1 972 and 500  kg lu ' 
Agras ( I ' )  i n  Septembe r  1 978 . Th i n n i ng was t c >  5 
tree.� per p lm i n  Augu s t  I 977 and  L O  2 l recs per plot in 
Oc tober 1 98 0 .  

Pru ni ng was complc1·cd to hei ght  7 . S m b y  M arch 
1 98 1 . 

YS I O  i a random i zed block e x per i m e n t  w i rh  20 
repl icat ions of S - 1-rcc l ine  plots . S m a l l e r  plots were used 
on acn n1 1 1 1  of' t he  grea te r  s i re  v.1 r i a r io1 1  prese n t .  

YS I 0  was fort i l i zcd with 5 0 0  kg ha ' of s upcr­
coppe r- 1.i nc fon i lizer i n  Septem be r  1 973 and 400 kg ha 1 

of s1 1per-copper- molybdenu 11 1-zinc with 20 kg ha· ' of 
Se:l ton Park c lover i n  May 1 98 2 .  Th i n n i n g  was from 5 
to 2 t rees per p lot ( 430  ste ms h a- 1 ) i n  ovcm bcr 1 977
and from 2 to I trees per plot ( 2 1 5  ste ms h:1 ' )  in 
March 1 98 2 .  

Pru n ing was completed r o  4 . 5 1 1 1  i n  M arch 1 978 . 
Measu rement - Tria l YS09 was measured i n  

J a n uary 1 97 1 f or hei g h t, i n  Apri l 1 975 a n d  August 
1 977 for he igh t ,1 1 1d diameter and i 1 1  M :irch 1 980 for 
d i ameter only .  In Ocrobcr I 975 a form asscssm c nr for 
stem straigh rncss, branch ,1 ngle and  branch thickness 
w:.is u ndertaken 0 1 1  a l l  Ponug1 1 ese fo m i l ies and  one.: 
Landes fam i ly . 

Tria l  YS l 0  was measured i n  1 97 1 fo1· he igh t and i n  
fc bruary 1 9 76, October 1 977 :ind  March 1 98 1  for 
diamet e r. 

Results 

Height and Diameter - Jn both rial the growth of 
the La ndes fam i l ic (Tables 1 5  and 1 6 )  was inte r ior to 
that of the Portug11ese gro u ps .  This con fi rmed other 
re.su it  for the complete separat i on of the two 
provenance ( racial ) groups for growth characteristics, 
over a wide range of soi l  conditions, in Western 
Australia. 



TABLE 15 

Results for growth and straightness comparing leirion and 
Landes ILi provenances in lrial YS09 planted in 1967 at 
Yanchep 

AGE 3.6 YEARS AGE 7.5 YEARS 

RANK HEIGHT (ml # STRAIGHTNESS 
!TRANSFORMED)

FAMllY MEAN FAMllY % 1,2 

E5xE40 3.28 E47xE40 41. l
2 E19xE40 3.26 E40xE2 37.5 
3 El 5xE40 3.22 E41xE40 35.4 
4 E41xE40 3.17 E45xE40 34.5 
5 E45xE40 3.07* E28xE40 31.2 
6 E28xE40 3.04* E28xE2 28.8 
7 E40xE2 3.04* E5xE40 28.2 
8 Routine 2.99* El9xE40 24.3 
9 MPDL 2.97* E 15xE40 19.2 

10 E47xE40 2.96* L60252 7.2* 
11 E28xE2 2.93* Routine 5.4* 
12 LSMA 2.88* 
13 l6l 238 2.86* 
14 L6l 240 2.77 
15 L6l l04 2.74 
16 L60252 2.70 
17 l6l l05 2.59 
18 L60253 2.52 
19 l62065 2.44 
20 L61 l03 2.41 

LSD .05 0. 1 3 9.6 
LSD .01 0.17 12.7 

* Not significantly 1.05 level) different lo the Routine.
E - fulhib Portuguese plus families. L - Landes half-sib families

AGE 10 YEARS AGE l 2 .7 YEARS 

VOLUME {m') DIAMETER (cm) 

FAMILY MEAN FAMILY MEAN 

El 5xE40 .020 El 5xE40 19.0 
E19xE40 .018 E40xE2 18.7 
E45xE40 .018 El9xE40 18.2 
E5xE40 .018 E4 lxE40 17.9 
E40xE2 .018 E45xE40 17.8 
E4 lxE40 .017 E47xE40 17.7 
E47xE40 .016* E5xE40 17.7 
E28xE40 .015* LSMA 17.6 
E28xE2 .015* E28xE2 17.3* 
Routine .015* E28xE40 17.0* 
LSMA .014* Rouline 16.7* 
MPDL .014* MPDL 16.5* 
L6l l04 .012 l6l 104 15.2 
L6 l 238 .011 L6l l03 15.0 
L6l 240 .010 l6 l 238 15.0 
l60252 .010 l6l l05 14.7 
L6l l05 .010 L6l 240 14.7 
l6l 103 .009 l62065 14.3 
L60253 .009 l60252 14.2 
l62065 .009 l60253 14.0 

.001 0.8 
1.1 

# Percentage of trees in classes 1 and 2 on a ranking scale from l (excellent) lo 5 lpooresl).

The Landes by Leiria half-sib cross (LSMA) from 
parents selected within locaJ plantations provided some 
improvement in growth through selection. 

Form - The one Landes family assessed for form in 
trial YS09 (Table 15) did not differ significantly from 
tl1e Pormguese routine in proportion of acceptable 
straight stems in tl1e population. In botl1 trials, all 
Leirian crosses were significantly ( .01 level) better than 
tl1e routine in tllis respect. 

Drought Resistance - In trial YS09 tlle routine, 
full-sib and half-sib Portuguese groups were virtually 
unaffected by drought deatl1 while most of the Landes 
families had one or more deams attributable to tllis 
cause (Table 17). 

Discussion 

These two u·ials conclusively support previous data 
concerning tl1e differences between trees of French 

Landes and Portuguese provenances for a wide range of 
soils and climatic conditions in Western Australia. The 
superiority oftlle Portuguese provenance for growtll 
rate, o·ee form and drought resistance has confirmed 
tl1e practice of using it for commercial planting. 

Trials YS51, YS52 and YS53 - Inter 
Provenance Crosses at Gnangara, Yanchep 
and Busselton 

Within the breeding program in Western AustraJia a 
limited amount of inu·a- and inter-provenance crossing 
was carried out wiili trees of oilier ilian Pom1guese 
origin. Analysis of results of tllis work is mainly of 
interest to studies of species improvement and 
inheritance. Certain aspects however, assist to clarify the 
performance of major provenance groups of P. pinaster 

in Western Australia and to identify the dominant 
genetic characteristics of each group. 
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TABLE 16 
Comparisons of leirian and Landes IL) provenances for 
height and diameler development fo age l O years in ITial 
YS 10. The trial was planted in 1967 on fertile soils al 
Mundoring and samples the best siles avoiloble for the 
species. 

AGE 3.6 YEARS AGE 10 YEARS 

RANK HEIGHT Im! DIAMETER (cml 

FAMILY MEAN FAMILY MEAN 

E5.xE40 3.70 [5.xE40 18.5 

2 El9xE40 3.58 E40xE2 18.4 
3 E47.xE40 3.51 * El 9xE40 18.3 
4 E4 lxE40 3.44* E28xE40 18.0 
5 E28xE2 3.42• E4lxE40 17.8 
6 E45xE40 3.42* E45xE40 17.6 
7 Routine 3.38* E47xE40 17 6 
8 E28xE40 J.Jr E28xE2 16.8* 
9 E40xE2 3.33' Routine 16.6* 

10 MPDL 3.21 * MPDL 16.2* 
I I L6 l 238 3. 1 4 L6 l l04 15.2 
12 l6 l 240 3.05 L6 I 105 15.l
13 L6l I04 3.00 L62347 14.8 
14 l6l 105 2.96 l6I240 14.7 
15 L62347 2.83 L61238 14.5 
16 L62083 2.82 L62083 14.4 
17 l62090 2.77 L62069 14. l
18 l62069 2.70 L62073 I4. l
19 L62065 2.70 l62065 13.7
20 l62073 2.68 L62090 13.7 

LSD .05 0.18 0.70 

* Nol signiliconily different 1.05 level) lo the Routine. 

Plus trees of Corsican and Landes origin selected 
from Western Australian plantations were crossed with 
plu · parents of Leirian origin. The progeny were 
compared in three trials designed to observe the 
transmission of specific characters between these inter­
provenance crossings. 

A secondary objeaive was to evaluate site by 
provenance interaction by planting the tri;1ls at three 
separate geographic centres. These include yellow and 
grey sands of the Swan Coastal Plnin north of and 
adjacent to Perth and poorly drained lateritic sands in 
the Donnybrook SunJdands, near Bussclton, 250 km 
south of Perth. The locations tested represent the 
principal sites considered for P. pinastcr afforestation 
within the Stare. 

Prnvenances - The basic trial (Table 18) comprises 
26 full-sib families, a routine bulk imported Portuguese 
seed batch (S5000) as a control and a seed batch from 
the local Joondalup seed orchard (S 5047). The 26 
families comprise three groups, including 9 crosses 
(ExE) among superior trees from local stands ofLeirian 
(E) origin, 9 inter-provenance crosses (ExL) between
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TABLE 17 
Drought damage recorded in !rial YS09 in summer 1977 
Stand age was l O years. Each family contained l 00 trees 
and each block hod a total of 200 trees. 

NUMBER OF DEAD AND DYi G TREES 

FAMILY TRIAL BLOCK NUMBER TOTAL 

2 3 4 5 6 7 8 Q lO 

40.xE2 0 
E28xE2 0 
E5.xE40 0 
El 5xE40 l 
El9xE40 0 
E28xE40 0 
E4 l xE40 0 
E45xE40 0 
E47xE40 0 
LSMA 0 
MPDL 
l60252 2 2 10 
L60253 l 3 
L6l l03 2 4 
l6 I l04 0 
L6I105 2 4 
L6 I 238 l 
L61240 2 
L62065 2 4 

Routine 0 

TOTAL 6 3 4 5 3 2 2 3 30 

locally selected superior trees of Lcirian (E) and Landes 
(L) origin and 8 crosses ( Ex ) between locally elected
Lciri:in (E) and Corsican (C) pills trees. At one centre,
Gnangara, 30 families I ere compared and a 
replacement was neccs ·ary for the frm1ily E53xL20
which was common to the other two sites.

Design - A complete randomized block design wa 
used to replicate 5-tree line-plot"s for each of the 28 
groups in 10 blocks at each of3 sites. 

P1·ocedure - All srock was raised in tubes at the 
Wanneroo nurse,y and planted in June 1974 at 3111 x 
3 m spacing. Superphosphate was added ,H the rate of 
60 g per seedling a time of planting and 500 kg ha· 1 of 
Agras (NP) fertilizer was broadca tin 1979. The initial 
low pruning was c:irried Ollt to 2111 height in 1978. 

Measul'ement - Tree heights were measured in 
January 1979 at age 4.5 years. Diameter at breast 
height, and form were measured in March 1983 at 
Gnangara (Y 51) and Yanchep (YS52) and in April 
1984 at Bu sclton. Form w:is assessed to provide values 
for stem straightnes , forking, butt sweep, branch size 
and branch angle. 



Results 

Height and Diameter - Mean heights and 
diameter for each family and its ranking ( R) within the 
n·ial are shown in Table 1 8 .  The data are presented in 
provenance groups for convenience. 

The maj ority of the controlled crosses of 
accl imatized, dominant, well formed trees in local 
plantations have superior height and diameter growth 
to that of the routine batch of non-selected, non­
acclimatized seed imported from Portugal .  Several of 
the Leirian by Landes crosses (El 9xL2 1 ,  L l 3xE29)  arc 
amongst the fastest growing famil ies in the series . 

The relative growth performance of the three 
groups was summarized by considering the percentage 
of families in each provenance group whid1 were ranked 
within the best one-third pe1formers of all famil ies ( i . e .  
ranked 1 -9 ) .  

For early height growth ,  the ExE crosses and ExL 
crosses had equal representation in the best third of 
families at Gnangara (44 per cent) and Busselton 
( 3 3 per cent) whereas at Yanchep the proportion was 
5 6  per cent and 33 per cent respectively. No ExC 
families were in the top one- third at Gnangara and 
Yanchep but 25 per cent were there at Busselton. 

For diameter at 9 years, d1e ExE crosses were 
superior at all s ites with 74 per cent of families in d1e 
best one-tl1ird . ExL had 1 1  per cent in the top iliird 
and ExC had 8 per cent .  For botl1 height and diameter 
the ExC crosses were represented in the top tl1ird only 
at Busselton .  

The extent of  tl1ese differences in growtl1 from the 
routine, non-selected, Portuguese control is detai led in 
Table 19 .  Clear superiority of the Leirian provenance is 
emphasized by the performance of seed from ilie 
Leirian seed orchard , ilie mean of which did not differ 
significantly ( .OS  leve l )  from tJ1at of tJ1e top ranked 
families at all d1Iee locations (Table 18 ). 

Interaction with Site - Data for diameter at age 8 
years at al l  three s ites were subject to an analysis of 
variance (ANOVA). Family, block and site differences 
were highly significant ( .00 1 level ) but associated wi tJ, a 
significant ( .030 leve l )  site by family interaction .  

Examb1ation o f  ilie means at each site revealed that 
some families had altered in relative ranking from one 
trial to the other suggesting favourableness for either 
the hotter, drier northern sites or the cooler,  wetter 
southern site (Fig . 5 ) .  These obvious flucmations in 
mean rankings were few and appeared to be mainly 
associated with tJ,e ExE and ExC crosses . There was a 
trend however, for ilic ExL and ExC crosses to improve 
relative to ilie dominant Ex E values, with progression 
of trials from Yanchep to Gnangara to Busselcon . All 
provenance crosses performed best at Busselton. 

To test iliis possibility, for each trial the mean 
diameter (mean of l 0  blocks) for each full-sib family, 
common to the tlu·ee sites, was regressed against ilie 
general (environmental ) mean for those families on all 
sites. Results in Table 20 show iliat up to 92 per cent of 
the variation in tJ1e interaction i associated with a linear 

relationship between family diameter at each site , and 
the general mean .  The association is poorest at 
Busselton with R2 = 48 .2 but stil l highly significant. 
The individual regressions are significantly d ifferent and 
show tl1e tendency for a l l  families to become more 
comparable at Busselton (b = 0 . 5 3 )  tl1an at Yanchep 
( b  = 1 .40 ) .  

To assess tl1e extent that d1is n·end was valid for  the 
provenance crosses, resul ts for tl1.e routine and orchard 
families were excluded from the data se t .  An ANOVA
was carried out for 24 provenance crosses, common to 
tJ1e three sites, as tluee provenance groups each 
containing 8 crosses (Table 2 1 ) .  The site by provenance 
interaction was highly significant and can be largely 
attributable to tl1e improvement in growtl1 of ilie 
Corsican and Landes crosses wit11 progressive testing 
south tO cooler, wetter s ites (Table 22) .  

Form - Results fo r  the form assessment a.re set out 
in Tables 23, 24, 2 5  and 26 .  Again the families arc 
grouped by provenance and ranked by means to aid 
comparisons at each of tl1ree u·ia l  locations. 

The tables include separate assessments of stem 
straightness based init ia l ly on the percentage of stems 
witl1 scores of average or better straightness ( acceptable 
stems) an d secondly on the comparison of ari tl1metic 
mean score ( all points l to 5 are added) . Similarly, 
mean scores for branch thickness and branch angle 
assessments accompany results for d1e percentage of 
better stems assessed . This latter is the system most 
often used in Western Australia (See Tables 6, 7, 1 2 )  as 
it can be directly associated witl1 commercial acceptance 
of the population. For tl1e mean score results a least 
significant difference (LSD) value is calculated and 
included in the tables. 

From the rankings in Tables 23 and 24 it can be 
seen that for straight ste ms, butt sweep and normal 
stems (not forked and witl10ut ramicorns) the ExE 
crosses pe1formed vety poorly within tl1e range of 
variation sampled . For straightness at Gnangara, 
Yanchep and Busselton, only l ,  0 and 5 of the ExE 
crosses respectively, were not significantly inferior to 
the best fami ly .  For butt sweep ( Table 24 ) all but one 
of iliese crosses, located at B usselton, were inferior to 
ilie best family.  The Corsican crosses were definitely 
superior in iliese respects witl1 the Landes crosses 
intermediate in performance . 

These comparisons arc clarified in Table 27 in which 
families are grouped to show representation within tl1c 
best tl1ird ( 1 -9 )  of the ranking range. The high 
incidence of stem forks and/or ramicorns previously 
noted in the Portuguese populations is stil l c learly 
depicted in iliese results for crossings of selected plus 
phenotypes .  In Table 27, for ilie combined trial results, 
only 4 per cent of the ExE crosses occurred in the best 
tlurd of the resul.ts while 79 per cent of tl1c Corsican 
were in this class . 

Results for branch thickness vary witl1 site for botl, 
the Leirian and the Corsican crosses (Tables 2 5 ,  27) .  At 
Gnangara the Leirian crosses had the smallest branches 
whereas d1e Corsican crosses were clearly superior at the 
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TABLE 18 
Height and diameter results for provenance crosses in trials 
YS5 l, YS52 and YS53. Leirian parents ore designated by 
E, Landes by Land Corsican by C. The routine is o 
commercial seed batch from the forest al leiria. 

HEIGHT (ml AT 4.5 YEARS DIAMETER (cm) AT 9 YEARS 

FAMILY GNANGARA YANCHEP BUSSELTON GNANGARA YANCHEP BUSSELTON 
YS5l YS52 YS53 YS51 YS52 YS53 

MEAN RANK MEAN RANK MEAN RANK MEAN RA K MEAN RANK MEAN RANK 

El 9xE2 3.66 14 3.56 10 2.75 
E 19xE 15 3.81 7 3.52 11 2.61 
El9xE40 3.68 11 3.58 7 3.29 
E53xE15 3.66 15 3.32 14 2.85 
E53xE29 3.76 10 3.57 9 2.90 
E53xE40 3.68 13 3.46 12 3.10 
E40xE 15 3.86 4 3.57 8 2.55 
E4 lxE40 3.93 2 3.80 2 2.81 
E5xE4I 4 01 I 3.80 l 2.69

Ll 3xE29 3.93 3 3.60 5 3.05
l l7xEM 3.56 16 3.26 16 2.78
L20xEM 3.39 21 3.00 26 2.70
E5xl3 3.86 5 3.59 6 3.10
El 9xl3 3.76 9 3.45 13 2.85
E5xl20 3.53 18 3.19 21 2.77
El 9xl20 3.46 21 3.18 22 2.64
E53xl20 2.92 27 2.70
El 9xl21 3.80 8 3.61 3 3.03

E5xC3 3.51 18 3.23 17 2.91
El9xC3 3.48 20 3.27 15 2.83
E4 lxC3 3.27 27 3.21 18 2.87
E53xC3 3.27 26 3.07 24 2.50
E5xC4 3.28 25 3.01 25 2.48
E19xC4 3.33 23 3.21 19 2.56
E4lxC4 3.31 24 3.13 23 2.58
E53xC4 3.17 28 2.87 28 2.47

Orchard 3.84 6 3.61 4 2.93 
Routine 3.55 17 3.21 20 2.55 
L2 l xE33 3.73 12 

LSD .05 0.28 0.20 0.42 

other t.vo sites. Result. for the Landes crosses were 
uniform with site. The overall result indicates that the 
Corsican crossi;s have rhe best branching with the 
Leirian and Landes crosses following in rh. t order. 

Results reveal little diHcrcncc in propensity for flat 
angle (wick angle) branching between provenance 
groups (Table 26, 27). As a group, the orsican 
crosses arc better with the Portuguese and Landes 
following in that order. The differences arc of a minor 
nature, vary with site and arc not considered to have 
any significance in these trials. 

Difference in the number of trees with acceptable 
branch thickness between orchard and routine seed lots 
(Table 25) were not significant. Branch angles were 
similar for both the orchard and routine sources at each 
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16 
21 

I 

11 
8 
3 

24 
13 
19 

4 
14 
18 

2 
10 

15 
20 
17 
5 

7 
12 

9 
26 
27 
23 
22 
28 

6 
25 

16.1 l 14. 4 5 16.8 2 
15.8 2 14.4 7 16.1 7 
14.8 13 14.3 8 17.2 1 
15.7 3 14.1 10 16.2 6 

15.5 7 14.4 4 15.8 14 
14.8 14 13.9 14 16.6 3 
15.6 4 14.5 3 16.0 9 
15.3 9 14.8 1 15.9 12 
15.6 5 14.4 6 15.7 18 

15.4 8 14.2 9 15.9 11 
14.2 21 12.6 19 15.8 15 
13.9 25 12.2 24 15.5 20 
15. l 11 14.0 12 15.9 10 
15.5 6 14.0 13 15.7 16 
13.8 26 12.5 22 15.3 24 
I4.l 24 12.6 20 15.0 26 

11.8 28 14.9 27 
14.9 12 14. l 11 15.5 19 

14.4 16 12 4 23 15.4 21 
14.4 15 12.9 I/ 15.7 17 
13.5 27 12.5 21 15.9 13 
14 2 22 12. 1 25 15.2 25 
14.3 17 12.0 27 16.0 8 

14.3 18 13.1 15 15.3 22 

14.2 20 12.9 16 16.2 5 
14.2 23 12.l 26 15.3 23 

15.2 10 14.7 2 16.3 4 
14.3 19 12.7 18 14.7 28 
14.9 14 

1.00 0.71 1.02 

location (Table 26 ). I mprovcments of orchard tock 
over the routine source f-or srcm straightness and buu­
swecp arc, however, signil!c:rnt at the.OS level (Tables 
23 and 24). 

Discussion 

Replication of the trial at the three centres gives 
con istent results for the major am·ibutcs of 
provenances measured in previous trial . Characteristics 
for vigour in height and diameter growth arc dominant 
in the Portuguese (ExE) cros cs while the major defects 
noted in the form of the species are still present in 
them. The favourable aspects of these latter attributes 
are dominant in the Corsican crosses as they were in 
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Figure 5. Diameter development of28 common families in trials YSSl (Yanchep), YS52 (Gnangara) and YS53 
(Busse/ton) comparing performance of Leirian crosses (ExE), Leirian and Landes crosses (ExL) and Lei1-ian and 
Corsican crosses (ExC). Families 27 and 28 (Ct.) an the seed orchard and roiitine controls.

this provenance in previous rests (See Tables 6, 7). 
Consistency of the results over the range of sites and 
the dominance of d1ese specific attributes following 
inter-provenance crossing confirms that these are 
features of geographic races and strongly inherited. 

Corsican crosses displayed desirable branch angle 
and branch size but these were not very different from 
the Leirian crosses. The negligible improvement in 
these attributes in the seed orchard stock indicates 
lower heritabilities and limited scope for selection 
within the provenance range. The family E5xE41, the 
highest ranked family for branch thickness (Table 25 ), 

and family E4lxE40 are ranked high for branch angle. 
These two attributes can obviously be improved to d1e 
maximwn for d1e species from within variation in the 
Portuguese population. 

The establishment of the trials over the range of 
sites shows the tendency for the genotypes of ilie 
Corsican and, to a lesser extent, the Landes provenance 
to favour diameter development wider more southern, 
cooler, wetter conditions. 

The trials extend comparisons of provenances to the 
cooler, southern sites near Busselton. The performance 
of the seed orchard stock shows that considerable 
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TABLE 1 9

Variation i n  height and diameter from values for Routine 
imported Portugese seed for inter· and i n tra-provenance 
crosses in tria ls YS5 l , YS5 2 and YS5 3 . 

PROVENANCE HE IGHT AT 
4 .5  YEARS 

D IAMETE R  AT 
9 YEARS 

MEAN % DIF FERENCE MEAN % DIF FERENCE 

Im} FRON\ ROUTINE {cm} FROM ROUTINE 

GNANGARA IYS5 l ) 

Lei rio x Leir ia 3 . 80 
Lei rio x Landes 3 . 70 
le i rio x Cors ican 3 . 30 
Seed Orchard Lei r io 3 . 85 
Rou t ine Leirio 3 .55 

YANCHEP IYS52l 

Le iiia x Lei 1 io 3 . 5 8  
Lei r io x Landes 3 . 3 3  
Le i rio x Cors ican 3 .  1 3
Seed Orchard Lei 1 io 3 .6 1 
Routi ne Lei r ia 3 . 2 1 

BUSSEITON IYS53)  

le1 r ia x Lei r i a  2 . 84 
le i ria x Landes 2 . 85 
lei r io x Co1 sican 2 .65 
Seed Orcharrl l.eiria 2 .94 
Roul ine Lei no 2 .55  

COMBINED 

lei r io x leir io 3 . 4 1 
Lei r ia x Landes 3 . 29 
Leino x Corsica n  3 .03 
Seed Orchard Leiria 3 . 47 
Rout ine leiria 3 . 1 0  

TABLE 20 

7 

'1 
-7

8
0

1 2
4 

2 
1 2
0 

1 1
1 2
4 

1 5
0 

1 0  
6 

1 5 . 5  
1 4. 7  
1 4 . 2  
1 5 . 2  
1 4 . 2  

1 4 .4 
I 3 . 1 
1 2 . 5  
1 4 .7  
1 2 . 7  

1 6. 2 
l 5 . .11
1 5 .6
1 6 . 4
1 4 . 7

1 5 ."1 
1 4 .4 

-2 1 4 . 1 
1 2
0

1 5 .4 
1 3 .9 

9 
4 

0 
7 
0 

1 3
3 

-2
1 6
0

1 0
5 
6 

1 2
0 

1 1
4 

1 1
0 

Values for regression (y = a + bx) of the mean d iameter for 
fam i l ies , ot each si te ,  i n  tr ials YS5 l ,  YS52 and YS5 3 
aga inst the general (envi ronmenta l ) mean obta i ned for the 
fam i l ies over the three si tes . The Routi ne, orchard and non 
common crosses have been omitted . 

TRIAL COWICIENT S D  CONSTANT S.D. ABOUT R' N 

13 OF B A REGRESSION 

YS5 l Gnangoro 1 .07 l . 28 -0.96 0 . 2 8  86  7 23 

YS52 Yanchep t .40 0.09 -7. 1 3 0. 27 92.0 23

YS53 Bussel lon 0 . 53  0. 1 1 8 .09 0 . 35 48 . 2  2 3  
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TABLE 2 1

ANOVA for d iameter at age 9 years for provena nce crosses 
in tria l s  YS5 1 ,  YS5 2 and YS5 3 .  The ana lys is is for ful l-s i b  
fam i l ies common l o  the th ree trials a n d  for th ree provenance 
g roups Le i ria x leir i a ,  leiria x La ndes and Leir io Cors ica n .  

SOURCE OF 

VAR IATION 

FULL-SIB FAMILIES 

Si te 
Block (S i te) 
Fami l ies 
Site x Fami l ies 
E r ror 
Total 

DEG E[S Of MC/IN VARIANCE SIGNIF I· 

FREFDOM SQUARE RATIO CANCE 

2 350 .00 30.39 0.000
27 1 1 . 52  1 0.57 0. 000
23  1 2 . 99 1 1 .93 0.000
46 2 . 1 5 1 .94 0.000

62 1 1 .09 
7 1 9  

PROVENANCE GROUPS 

Si le 2 350.00 30 .39 0.000 
B lock (S i le )  27 I 1 . 5 2  9 . 50 0.000 
Provenance 2 1 04 .59 86 . 26 0.000 
S i le x Provenance 4 8 . 84 7 . 29 0.000 
Error 684 1 . 2 1  
Tola ! 7 1 9  

i mprovemen t i n  height  .u1d d i ,uneter ;l l ld stem 
straigh tness and absenn: of ti irk ing !us bet.:n obtained 
i n  the 1.:arly selection progr:1 111 for  Portuguese mater ia l . 
'J he re lat i ve l y h igh  s t andards :u:h it.:vt.:d by t he Cors ic1 1 1  
e r  sses tor stem st raigh tness, abscm:e of but t  sweep :111d 
a bst.:nce of forks show tht.:n.: is considerable scope fr >r 
im provement to meet the popu l a tion l i mits for the 
species u nder Western Aust ra l i a n  conditions.  

The d ominance and i n h e ri tance of provenance 
ch :1racterist ics on crossi ng with Lei ri an  stock a rt.: 
summari zed i n  Table 27 . This a nalys is assists to 
quant i l'y the consistt.:ncy and stre ngth of e x prt.:ssion of 
at tribu tes for pl:rn r  vi gom and fr>rm of the th ree 
provcna nct.: groups Lei rian ,  Landes and Corsican .  Th1: 
Landes grou p is in ramediate bt.:rwt.:en the outstand ing 
vigour  of the  Le i rian provenance and the excel len t form 
of rhe Cors ic:1n provenance .  Al though i n terim in vigo ur 
to tht.: J ,e i ri :1n  popu lat ion it i s  sl ight l y su pcrior to that  
popu lat ion in the absence of forks and butt swet.:p . 

l nter-prov1.:n:1nce crossi ng supports otht.:r
pruvenanct.: tests carr ied uut in  Western Austral i a .  1 t  
1.:ri fi<.:s tha t  the ht.:i gh t ,  d iamt.:Lcr and vol ume advantagc 

of the Portuguese pro enancc is consiste nt over rhe 
range of cl imate and soi ls  which cou ld be avai lable for 
atforestation i n  Western Austral ia .  Controlled crosses of 
Lcirian parents with selected Landes and orsican 
material (which has been :1cc l imatized ) provide vigou r 
at kast cqt1 a l to that of tht.:  unsclccted Portuguese 
imports. Selec ted crosses wi tl1 Landes parents may 
produce hybrid famil ies with vigour akin to that of 
Leirian crosses ( i .e .  Ll 3xE29) .  However, apart from 
perhaps improving frost resistance, reasons for such a 



TABLE 22 
Mean diameters for provenance crosses of Leirio x Leiria 
(ExE), Leiria x Landes IExl) and Leirio x Corsican IExC) in 
trials YS5 l, YS52 and YS53 al Gnangara, Yanchep and 
Busselton. Values in brackets denote !he mean of the cross 
as a percentage of the dominant Leirion x Leirian group al 
the same site. 

PROVENANCE MEAN DIAMETER AT EACH SITE 1cm) GROUP 
MEAN GROUP 

YANCHEP GNANGARA 

Leiria x Leiria 14.40(1001 15.56(100) 
Leirio x Landes 13.27 192) 14.61 194) 
Leiria x Corsican 12.50 (871 14.81 191)

LSD 0.01 0.04 

Latitude 31°25' 31°43'
Longitude 115°42' 115°54'

cross for Western Ausu·alian conditions are not 
apparent. 

Results for the ranking of form characteristics from 
the inter-provenance crosses indicate strong inheritance 
of aspects of form ascribed to different provenances in 
previous studies. There are very marked differences 
between the populations. 

The Corsican race carried many aspects of its 
superior form into the inter-racial crosses. It is 
significant tl1at tl1e high propensity for forking and 
ramicorns observed for the Portuguese source is still 
evident after the first generation of selection and 
crossing. However, the plus trees used in th.is trial are 
not elite and of a quality suitable for orchard 
production. Parents E2, El 5, and E52 used in the early 
crossing trials have subsequently been excluded from 
the orchard program owing to their proven 
transmission of poor form characteristics. 

In conclusion, the compatisons of me inter­
provenance crosses show a tendency for the Corsican 
and, to a lesser enent, the Landes genotype to 
adaptation favourable in diameter growth to cooler, 
moister conditions. 

FLOWERING CHARACTERISTICS 

Introduction 

Perry (1940, 1949) compared tl1e timing of pollen 
development of imported seed lots of Pi nus pinaster

grown in plantation stands on the Swan Coastal Plain 
near Perm. Under conditions of similar climate, soils 
and culture the flowering behaviour of major 
geographic provenance groups was distinctive as 
follows: 
1. Portugal - Staminate inflorescences began to appear

in mid-August and pollen shed commenced in early

BUSSELTON 

16.20 (1001 
15.58 (96) 
15.61 (961 

33°46'
115°37'

15.39 
14.49 
14.10 

September. All pollen was shed by the end of 
September. 

2. French Landes - Staminate flowers began to appear
by early September and were fully mature by early
October. Pollen was dispersed by tl1e end of
October.

3. French Esterel - Staminate flowers were produced
in profusion by mid-September and were fully
mature by mid-October.

4. Corsican - Staminate flowers were few, appeared
about the middle of October and were shedding
pollen by tl1e end of tl1e month.
Following a visit to Portugal and France, Perry

noted the impact oflatitude and altitude on time of 
flowering (Perry and Hopkins 1967). 

Detailed observation of flowering bud receptivity 
was part of the breeding crossing program for Pinus 
pinaster in Western Australia. Pollination was carried 
out in a scion arboretum where dona! variation in 
flower inception and receptivity to pollen is recorded 
over a period of years. Quantitative data on the 
propensity for flowering and cone production at a 
young age was also avaiJable from established 
provenance trials. 

Procedw·e 

Flowering Receptivity 

Times for tl1e receptivity of female flowers to pollen 
were recorded during the controlled crossing program 
at the Neaves Road Scion Arboremm near Perth. The 
arboretum, maintained for grafts of plus phenotypes of 
Pormguese stock, contained some clones of Landes and 
Corsican parents selected from local stands. All grafts 
were made wim scions of mature trees grafted on to 
stocks of Portuguese origin. 
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TABLE 23 
Assessment results for stem straightness for !rials YS5 l , 
YS52, YS53. Trees were ranked on a scale of 1 (excellent) 
to 5 (pooresl). The Routine is a commercial seed lo from 
leirio. 

STRAIGHTNESS(% ClASS 1,2,3) STRAIGHTNESS IMEAN OF SCORES) 

FAMILY GNANGARA YANCHEP BUSSELTON GNANGARA YANCHEP BUSSELTON 
YS51 YS52 YS53# YS51 YS52 YS53 

% RANK % RANK % RANK MEAN RANK MEAN RANK MEAN RANK 

El 9xE2 42 24 64 16 40 25 3 56 24 3.32 17 2.66 25 
E 19xE 15 31 28 46 26 35 26 3.70 28 3.54 25 2.70 27 
E19xE40 51 l l 40 28 61 12 342 10 3.60 28 2.35 11 
E53xE15 51 11 66 15 57 17 3 50 15 3 26 14 2.39 13 
E53xE29 46 16 61 18 64 9 3.50 15 3.34 18 2.28 9 
E53xE40 44 20 60 19 59 15 3.48 13 3.38 20 2 43 17 
E4 lxE 15 40 26 44 27 61 12 3.60 26 3.54 25 2.33 10 
E4 l xE40 41 25 54 22 64 9 3.56 24 3 44 22 2.36 12 
E5xE41 58 6 58 21 46 21 3.34 8 3.38 20 2.54 21 

l l 3xE29 55 9 68 13 74 5 3.42 10 3.20 10 2.20 5 
Ll7xEM 38 27 49 24 35 26 3.62 27 3.46 23 2.67 26 
L20xEM 51 11 70 l l 52 19 3.45 12 3.2 2 1 l 2.52 20 
E5xl3 46 16 60 19 57 17 3.48 13 3.34 18 2 43 17 
E 19xl3 47 15 52 23 44 23 3.54 20 3.48 24 2.60 23 
E5xL20 58 6 82 5 45 22 3.32 6 3.04 6 2.55 22 
El 9xl20 44 20 72 10 43 24 3.54 20 3.24 12 2.61 24 
E53xl20 86 2 52 19 3.02 4 2.50 19 
El 9xL2 l 21 30 70 l l 60 14 3.78 29 3.28 16 2 40 14 

E5xC3 58 6 64 16 71 7 3.24 2 3.24 12 2.27 8 
E19xC3 59 5 84 3 73 6 3.32 6 2.96 2 2.21 6 
E41xC3 61 4 84 4 79 2 3.34 8 2.86 1 2.17 2 
E53xC3 65 2 88 78 4 3.24 2 2.96 2 2.14 1 
E5xC4 55 9 74 9 59 15 3.30 4 3 14 8 2 41 16 
Ei9xC4 44 20 78 6 79 2 3.54 20 3.14 8 2.19 4 
E41xC4 45 18 78 7 71 7 3.50 15 3.08 7 2.25 7 
E53xC4 76 76 8 80 1 3.12 3.02 4 2.18 3 

Orchard 64 3 68 13 62 11 3.30 4 3.26 14 2.40 15 

Routine 22 29 48 25 28 28 3.80 30 3.54 25 2.77 28 
L2lxE33 45 18 3.54 20 

LSD .05 0.22 0.23 0.22 
.01 0.29 0.30 0.30 

# % Closs l . 2 lrees only 
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TABLE 24 
Assessmenl resuhs for butt sweep and percenlages of single 
(normal) stems in !rials YS51, YS52, YS53. Families are
ranked within !rials. The Routine is a commercial seed lol 
from leiria. 

BUTT SWEEP PERCENTAGE OF SINGLE STEMS 

FAMILY GNANGARA YANCHEP BUSSELTON GNANGARA YANCHEP BUSSElTON 
YS5l YS52 YS53 YS5l YS52 YS53 

MEAN RANK MEAN RANK MEAN RANK % RANK % RANK % RANK 

El9xE2 2.66 27 2.66 19 3.21 28 26 27 62 16 26 28 
El 9xE15 2.40 22 2.96 27 3.07 27 31 22 52 25 54 19 
E19xE40 2.32 13 2.70 22 2.85 23 37 15 40 28 35 27 
E53xEl5 2.54 26 2.60 17 2.61 16 57 2 72 11 53 20 
E53xE29 2.36 16 2.62 18 2.62 17 34 17 55 23 55 18 
E53xE40 2.24 l l 2.56 16 2.65 18 33 19 56 22 65 12 
E4 lxE 15 2.34 14 2.78 24 2.57 14 26 27 50 26 53 20 
E4lxE40 2.36 16 2.68 20 2.40 4 27 26 62 16 52 22 

E5xE4l 2.35 16 2.50 15 2.56 12 31 22 54 24 46 25 

L l 3xE29 l.95 2.08 2 2.26 25 24 62 16 63 13 
Ll7xEM 2.34 14 2.68 20 2.85 23 23 29 57 21 61 15 
L20xEM 2.36 16 2.44 13 2.80 20 43 11 74 10 72 6 
E5xl3 2.22 9 2.30 9 2.53 9 34 17 58 20 51 23 
El9xl3 2.68 28 2.92 26 3.00 25 29 24 64 14 69 10 
E5xl20 2.22 9 2.38 12 2.45 5 44 9 82 2 57 17 
El 9xl20 2.70 29 2.86 25 3.04 26 36 16 86 l 71 7 

E53xl20 2.36 10 2.87 19 80 6 73 5 
E19xl2l 2.48 25 2.76 23 2.83 21 33 19 64 14 63 13 

E5xC3 2.04 2 2.10 3 2.33 3 38 14 60 19 71 7 
El9xC3 2.05 4 2.12 5 2.56 12 47 5 82 2 75 3 
E41xC3 2.04 2 l .83 l 2.49 6 47 5 69 12 60 16 
E53xC3 2.09 5 2.26 8 2.49 7 55 3 82 2 78 2 
E5xC4 2.14 6 2.14 6 2.59 15 45 8 80 6 80 
El9xC4 2.28 12 2.10 3 2.55 10 44 9 78 8 68 11 
E4 lxC4 2.38 20 2.36 10 2.50 8 51 4 82 2 71 7 

E53xC4 2.18 7 2.22 7 2.30 2 73 l 76 9 74 4 

Orchard 2.18 7 2.48 14 2.55 10 46 7 66 13 51 23 
Routine 2.82 30 3.00 28 2.84 22 22 30 48 27 44 26 
L2 l xE33 2.42 24 33 19 

LSD .05 0.25 0.31 0.29 
.01 0.33 0.41 0.39 
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TABLE 25 
Comparisons of branch thickness for families in trials YS5 l, 
YS52, YS53. Trees were scored on o scale of l (finest 
branching) to 5 !coarsest branching). The Routine is o 
comme1ciol seed lot from Leirio. Families ore ranked within 
trials. 

BRANCH THICKNESS(% CLASS 1,2,3) BRANCH THICKNESS (MEAN OF SCORESI 

FA/IAILY GNANGARA YANCHEP BUSSELTON GNANGARA YA CHEP BUSSELTON 
YS51 YS52 YS53* YS51 YS52 YS53 

% RANK % MEAN RANK WA RANK N\EAN RANK 

El9xE2 70 14 76 19 32 23 3 28 14 3.30 19 2.70 15 
El9xE15 53 19 64 24 33 22 3.44 18 3.34 24 2.80 22 
El9xE40 84 4 76 15 50 5 3.12 5 3.22 12 2.59 5 
E53xE 15 43 26 72 18 35 20 3.56 25 3.28 18 2.76 20 
E53xE29 34 30 73 17 40 12 3.66 28 3.27 17 2.74 18 
E53xE40 76 9 80 10 35 20 3.22 8 3.20 11 2.71 17 
E4 lxE15 82 5 70 19 47 6 3 14 6 3.30 19 2.59 6 
E41 xE40 82 5 80 10 40 12 3.04 3 3.16 7 2.62 9 
E5xE41 98 82 8 67 2.76 3.16 7 2.35 1 

L l 3xE29 45 24 44 27 37 16 3.54 22 3.56 27 2.83 23 
Ll7xEM 73 11 90 3 30 24 3.26 13 3.11 4 2.85 24 
L20xEM 51 20 66 23 28 27 3.48 20 3.32 22 2.86 25 
E5xl3 92 2 74 16 63 2 3.02 2 3 26 16 2.39 2 
EI 9xl3 35 28 50 26 25 28 3.68 30 3.50 26 2.98 28 
E5xL20 76 9 88 5 36 19 3.22 8 3.12 5 2.74 18 
EI 9xl20 51 20 60 25 29 25 3.54 22 3.40 25 2 96 27 
E53xl20 70 19 29 25 3.30 19 2.94 26 
EI 9xl2 l 56 18 44 27 42 9 3.44 18 3.56 27 2.69 13 

E5xC3 88 3 96 I 56 3 3.08 4 3.04 l 2.46 3 
El9xC3 57 17 86 6 42 9 3.40 17 3.14 6 2.60 7 
E4 lxC3 78 7 94 2 43 7 3.24 1 3.06 2 2.68 12 
E53xC3 49 22 78 12 37 16 3.52 21 3.22 12 2.69 14 
E5xC4 78 7 90 3 51 4 3.22 8 3.10 3 2.55 4 
El9xC4 44 25 82 8 43 7 3.56 25 3.18 10 2.62 8 
E4 lxC4 65 15 78 12 38 15 3.36 15 3.22 12 2.71 16 
E53xC4 35 28 78 12 42 9 3 66 28 3.22 12 2.66 11 

Orchard 72 12 84 7 40 12 3.24 11 3.16 7 2.66 10 

Routine 63 16 68 22 37 16 3.32 15 3.32 22 2.77 21 
L2 I xE33 41 27 3.60 27 

LSD .05 0.18 0.18 0.25 
.01 0.24 0.24 0.33 

·• % Class 1,2 lrees only.
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TABLE 26 
Assessment of branch angle for !rials YS51, YS52, YS53. 
Trees were scored on a scale of 1 (widest angle) to 3 
(steepest angle). The Routine is a commercial seed lot from 
Leirio. Families ore ranked in each trial. 

BRANCH ANGLE(% CLASS 1.21

FA/v\lLY GNANGARA YANCHEP BUSSELTON 
YS51 YS52 YS53 

% RANK % RANK % RANK 

El 9xE2 22 8 10 26 38 22 
E19xE15 29 7 24 13 43 17 
E19xE40 39 3 28 8 65 3 
E53xE 15 6 24 16 24 43 14 
E53xE29 6 24 22 16 40 20 
E53xE40 20 13 26 9 55 7 
E4 l xEl 5 20 13 24 13 41 18 
E4 lxE40 41 2 34 4 48 11 
E5xE41 67 34 4 40 20 

ll 3xE29 10 22 26 9 59 4 
l17xEM 21 12 29 7 17 
l20xEM 16 16 18 22 44 15 
E5xl3 10 22 20 19 53 9 
El 9xl3 6 24 14 25 19 28 
E5xl20 22 8 38 2 53 9 
El9xl20 16 16 22 16 41 18 
E53xl20 38 2 27 27 
El9xl21 35 4 18 22 14 15 

E5xC3 34 5 32 6 79 l 
El9xC3 33 6 26 9 58 5 
E4 lxC3 16 16 20 19 66 2 
E53xC3 22 8 40 l 29 25 
E5xC4 22 8 22 16 57 6 

E19xC4 15 21 8 27 55 7 
E4 lxC4 4 28 8 27 50 10 
E53xC4 6 24 20 19 28 26 

Orchard 18 15 26 9 34 24 
Routine 16 16 24 13 37 23 
L2 lxE33 4 28 

LSD .05 
.01 

BRANCH ANGLE (MEAN OF SCORES) 

GNANGARA YANCHEP BUSSELTON 
YS51 YS52 YS53 

MEAN RANK MEAN RANK MEAN RANK 

2.82 8 2.94 25 2.68 22 
2.74 7 2.80 14 2.57 16 
2.66 3 2.72 6 2.37 3 
3.16 28 2.84 19 2.55 13 
3.10 25 2.82 17 2.60 20 
2.94 14 2.80 14 2.45 7 
2.88 lO 2.78 12 2.59 18 
2.64 2 2.66 2 2.54 11 
2.36 2.72 6 2.60 21 

3.00 21 2.76 8 2.46 8 
2.94 14 2.76 8 2.59 17 
3.02 22 2.90 23 2.56 14 
3.06 24 2.92 24 2.47 10 
3.04 23 2.94 25 2.88 28 
2.84 9 2.66 2 2.45 5 
2.96 17 2.78 12 2.59 18 

2.66 2 2.77 27 
2.70 5 2.88 22 2.56 15 

2.68 4 2.68 5 2.17 
2.72 6 2.76 8 2.46 9 
2.96 17 2.86 21 2.34 2 
2.90 11 2.60 2.71 24 
2.94 14 2.80 14 2.43 4 

2.90 11 2.96 27 2.45 5 
3.18 29 3.00 28 2.54 12 
3.12 26 2.82 17 2.74 25 

2.96 17 2.76 8 2.77 26 
2.90 11 2.84 19 2.70 23 
3.12 26 

020 0.20 0.22 
0.27 0.26 0.29-
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TABLE 27 

Proportion of families from provenance crosses with superior 
growth ond form characlerislics assessed in trials YS5 l , 
YS52, YS53. The leirio and Landes means ore from 9 
families, the Corsican is from 8 families and show the 
percentage representation of each provenance group in the 
best one-third of families ie. within ranking l lo 9 

PERCENTAGE OF FAMILIES RANKED IN 
TREE FAMILY THE TOP ONE-THIRD OF THE TRIAL 
CHARACTERISTIC CROSSED 
ASSESSED WITH 

LEIRIA TRIAL REPLICATION 

GNANGARA YANCHEP BUSSElTON COMBINED 

Stem Height leirio 44 56 67 56 

13.5 years) Landes 44 33 0 26 

Corsica 0 0 25 8 

Stem Diameter Leiria 78 78 67 74 

(9.5 years) Landes 22 11 0 11 
Corsica 0 0 25 8 

Stem Slraightness leirio 11 0 11 7 

{Means of Point Scores) Landes 11 22 l l 15 

Corsica 75 87 87 83 

Stem Straightness Leirio 11 0 22 11 
(Percentage of Closs 1,2,3 Trees) Landes 22 22 11 19 

Corsica 75 87 87 83 

Butt Sweep Leino 0 0 11 4 

(Means of Point Scores) Landes 33 22 33 30 

Corsica 75 77 63 75 

Single Stems Leirio 11 0 0 4 

!Percentage without Forks or Rornicornsl Landes 11 33 33 26 

Corsica 77 75 75 79 

Small Branch Thickness Leiria 56 11 33 33 

(Percentage of Closs 1 , 2, 3 Trees) Landes 22 22 22 22 

Corsica 38 63 75 58 

Flat Branch Angle Leiria 56 44 22 41 
(Percentage of Closs I , 2 Trees) landes 22 44 33 33 

Corsica 50 37 62 50 

86 

CALMScience 



Fruitfulness 

The percentages of trees carrying male and female 
strobili at age 5 . 5  years, and beari ng cones at 1 0 . 5  years 
of age were recorded in trial 3/65 (Table 1 )  at 
Gnangara plantation . 

Results 

Flower Receptivity 

Pollination records for a range of dones and five 
easons, from 1 965  to 1970, are con tained in Table 28 .  

The clonal record in any one year includes several 
ramets and observations on up to 26 female flowers . 

In Figure 6 a line is drawn from the data for 
individual clones to represent the period from when the 
first female flower was receptive until the last flower 
isolated had closed its scales .  

From Figure 6 it i s  obvious that the Portuguese 
provenance is the first to become receptive to pollen in 
spring and the Corsican is the last . The Landes trees 
occupy a position in between these two extremes . There 
is considerable clonal variation within provenance 
groups and some variation between seasons ( i . e .  much 
earlier flowering in 1968 and 1 970) .  

Fruitfulness 

Results from trial 3/65 at age 5 . 5  years (See Table 5 )  
showed the highest percentage o f  flowering trees to be 
in the Lei rian provenances . The Italian seed lot had the 
next greatest number of young trees with cones and was 
signi ficantly greater than the Corsican and Landes seed 
lots .  For pollen development at this age the Landes, 
Corsican and Italian provenances were significantly 
poorer than the Leirian trees . 

At age 1 0 . 5  years (Table 6 )  the Leirian routine and 
Italian eed lots again had the mo t cone producing 
trees and were significantly greater than the Leirian 2 
seed lot .  The Landes and Corsican trees continued co 
have the least cone bearing trees at this age . 

Discussion 

Flowering Times 

The clonal ranges shown in Figure 6 represent the 
period from the first record of receptivity of the first 
flower produced by the clone until the last flower 
isolated had closed its scales. Each flower is usually 
receptive for a period of approximately 1 0  days .  Release 
of pollen was not recorded but it is of the order of 1 0  
days after the first female flower on the ramet becomes 
receptive . Pollen flies for 5 to 10 days from a single 
tree, depending on weather conditions . 

The crossing program, which aimed to obtain a 
quota of successful pollinations for each clone provides 
details for the inception of flower receptivity for all 
clones. Records do not, however, cover all conelets 
produced and it is possible that the length of the 

receptive period in any one clone in any one season 
could be longer than that recorded . This possibility is 
partly accounted for by presenting the pattern with in 
d ifferent seasons and including the same clone in 
d ifferent seasons , where er possible. 

The strip comparison trial XRl (Table 1 )  also 
proved ideal for comparing the flowering times of 
variou provenances . The several Portuguese and two 
Spanish provenances from tl1e northern coastal plain ,  
included in the trial , flowered at the same time 
producing heavy crops of pollen in early September 
1988 ( age 22 years ) .  Some Landes groups ripened next, 
flowering heavi ly and bedding at peak just as the 
process for the Portuguese was terminating. Tunisian 
trees fol lowed, just after the peak for the Landes trees, 
in late September. The Italian trees flowered sparsely 
and pol len shed did not begin until mid-October. The 
Corsican provenance also shed ligh tly a about the same 
time . 

The Landes provenance S2865 ,  used in tri al 3/65 
and incorporated in the strip comparison , did not begin 
to shed pollen until most otl1er Landes seed lots had 
terminated. It was obvious from tree appearance and 
time of pollen shed tl1at this group is more akin to the 
Corsican race than to the usual Landes groups. 

These recent sntdics confirm tl1e general trends 
reported by Perry . They reveal , however, great variation 
between genotypes within a population and overlapping 
flowering tin1es between some provenance groups. 
Results suggest that provided the population sample is 
representative and environmental conditions a1·e similar, 
the three provenance groups will show distinctive 
flowering patterns . 

The relatively early .flowering of tl1e Corsican clones 
in the 1970 results (Fig. 6) were rather unexpected and 
associated with an early spring. 

In practice i t  i unlikely that Portuguese material 
cou ld naturally cross wi th Corsican stock but crossing 
with Landes and Landes with Corsican is quite possi ble 
(where geographic separation of populations docs not 
exist ) .  Little success was obtained in initial attempts to 
cross Porniguese witl1 Corsican trees by applying 
Portuguese pollen to Corsican female conelets . 
Crossing between the provenances was only readily 
obtained by applying stored Corsican pollen to 
receptive Portuguese flowers . It is possible that there 
could be natural incompatibil ity between Portuguese 
pollen and Corsican conelets . 

Precocious Cone Development 
(Fruitfulness) 

Results hown in Table 5 separated the Leiria 
provenances from the slower growing Italian 
provenance on percen tage of trees bearing cones at age 
5 . 5  years. Differences are significant at tl1e .05  leve l .  
The Landes and Corsican groups are similar and 
significantly less in tl1is respect tlnn the other 
provenances in the trial.  
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TABLE 28 

Pollinotion record for clones of Leirian (E), Landes ILi and 
Corsican (Ci provenances wilhin 1he Neaves Road Scion 
Arboretum. 

NUMBER NUMBER DATE DATE NUMBER 
YEAR CLONE OF RAMETS OF POLLEN POLLINATION POLLINATION OF CONES 

USED EXCLOSURES COM.fv\ENCED TERMINATED PRODUCED 

1965 El4 7 23 8/9 16/9 20 
E16 5 20 8/9 15/9 29 
E34 14 23 2/9 20/9 38 
E40 13 29 8/9 16/9 60 
l70 9 9 24/9 1/10 19 
L26 8 8 24/9 29/9 27 
C2 l l 15/10 19/10 0 
CJ 3 4 29/9 22/10 3 

1966 El4 4 13 5/9 20/9 10 
E28 9 14 8/9 22/9 22 
E40 3 13 5/9 15/9 22 
E47 4 18 5/9 22/9 30 
l26 1 8 30/9 5/10 16 
C2 1 l 17/10 21/10 1 
CJ 4 7 14/10 21/10 0 

1967 E8 5 6 4/9 26/10 8 
E16 5 8 11/9 2/10 10 
El9 6 16 11/9 26/9 30 
E37 2 15 11/9 26/9 34 
l3 4 6 2/10 23/10 11 
l 13 6 14 4/9 13/10 14 
ll7 5 13 26/9 22/10 11 
l20 4 13 11/9 27/10 5 
l21 4 5 11/9 14/9 2 
C2 1 1 19/9 26/9 0 
C3 3 7 19/9 13/10 0 
C6 1 1 18/10 27/10 1 

1968 E19 6 12 28/8 16/9 23 
E47 4 8 28/8 16/9 10 

E58 3 5 3/9 26/9 17 
El 18 4 4 28/8 12/9 3 
l3 2 5 12/9 26/9 11 
l17 4 4 3/9 23/9 9 

1970 107 3 9 28/8 l/10 11 
El08 2 9 28/8 18/9 14 
E 118 2 4 28/8 18/9 4 
El28 2 8 28/8 9/9 9 
E135 2 5 31/8 15/9 13 
l 17 l 6 18/9 1/10 9 

l20 4 7 9/9 28/9 9 
L2 l 1 l 14/9 28/9 0 
C2 1 l 14/9 21/9 0 
C3 4 19 9/9 28/9 0 
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Figu1'e 6. Variation in flower receptivity of clones of three provenances in the Neaves Road Scion Arboretum. The period 
of receptivity for each clone is designated by the lines in the graph. Clone identification beginning with E re fen to 
Leirian origin, L refers to Landes origin and C refers to Corsican origin. 

Sampling age is shown to be important within the 
Portuguese seed lots in data presented in Tables 5 and 
6. At age 10.5 years the Lei.ria R exceeded the Lciria 2
source in the proportion of trees with cones. Both lots
were equivalent at age 5.5 years while Leiria 2 had the
most cone bearing trees at age 4.5 years. These
differences are minor in nature.

The representativeness of the seed lot must be 
considered. The Landes provenance in trial 3/65 was 
similar in height growth, form and flowering 
characteristics to the Corsican (Table 5 and 6 ). 
However, the wide range of comparisons of these two 

provenances in Western Australia (Hopkins 1960) 
usually showed the Landes provenance co have a height 
advantage over the Corsican and the form 
characteristics of Landes sources co be more like the 
Portuguese than the Corsican. Examination of the 
flowering time for the Landes population concerned in 
trial 3/65, left little dottbt that it is more like the 
Corsican group than the general Landes groups. This 
could account for tl1e unexpectedly low fecw1dity 

recorded for the Landes provenance in this trial and the 
rather high order of stem straightness also recorded for 
tl1e group. 

Conclusion 

Results obtained within the improvement program 
quantify variation associated with flowering time and 
precocity in some provenances of Pinus pinaster. 
Differences are obviously due to genetic control within 

populations. The Portuguese stock is the first to flower 
in spring, under Western Australian conditions, and the 
Corsican is the last to flower. The differences between 
tl1e two are distinct in the cases measured. The Landes 
provenance flowers in between tl1ese two extremes, is 
foUmved by tl1e Tunisian, then the Italian and Corsican. 

The Landes and Corsican provenances smdied 
showed less precocity at age 5.5 years than Portuguese 
and Italian seed lots and bad significantly less u·ees with 
cones at age 10.5 years. 
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SIGNIFICANCE OF PROVENANCE 

VARIATION TO TREE IMPROVEMENT 

Introduction 

The i mprovement progr:1 111 for P. pinaster in Western 
Austra l ia began in 1 957  ( Hopkins and Bmchcr 1 992 ) 
and work was cen tred on the Portuguese provenance 
f-<:>r improvemen t  of sr em strai ghi - ncss, branching 
character is t ics and un i form i ty of the  commerc ia l  tree .  
The possi ble.: con tri bu t ion of other  provenances to 
i mprovement in stem straightness, h ybrid v igour, 
br;mch s i ze ,  sp i ra l  gra i n ,  wood density and d rought 
resistance requ i red considerat ion . 1n th i s  sect ion res l i l t s  
or loca l eval l 1at ions arc sum mari zed and rev iewed w i th  
respect to improvement possibi l j t ies for the.: species .  

Tree Vigow· 

Leirian, Landes, Corsican, Italian 
Provenances 

Th ree fie ld tria ls ,  3/65 , 1 2  and XS09 (Ta ble 1 ) ,  
compa re major provenance groups from Portuga l ,  
La ndes, I taly and Corsica . 

Tria l  3/65 compa red the performance of Le i ria, 
L,1 11des, Corsic,1 1 1  and I ta l i an provcn:mccs and was 
estab l ishc.:d at Gnangara p lan tation in 1 964 . Growth i n  
t h e  Lci rian provenance was s igni fican t l y  greater i n  
heigh t ,  d i a meter a n d  vol ume than i n  the other 
provenances,  which were si m i lar to each other (Table 
4 ) .  At age 2 1  years L.1ndes,  Cors ican and I t:1 l i an  
proven:1nccs were 26, 29 and 37 per  cent  poorcr i n  
hcight growth and had less th:111 ha lf  the stem volume 
of the Portuguese trees . 

Growth of the Lei ria ,  Landes :1nd Corsic:1n 
provenance · i s  a lso compared i n  tr ia l  X 1 2  at Yanchep .  
The tria l  h:1s 10  famil ies (Table 29)  and is wel l 
rcpl icated to p rovide comparisons of both i nter- :1nd 
i ntra-provenance v:1riation f or the m:1jor groups. The 
si te has a l imestone in fl uence :1nd is more d rought­
prone than that tested in tri ;1 I  3/65 . 

At age 1 9 . 5  ye:1rs ( Fig .  7, Table 29 ) the L:1ndcs and 
Corsican represen tative · we re l 9 :1nd 3 l per cent 
rc.:spectivcly poorer in height growt h t han the.: 
Portuguese rou t i ne and 5 1  and 57 per cent less in 
vol ume growth . The Landes fam i l ic.:s :1re from French 
col lec t ions of ha l f-si b ·eed from p l us t rees .  Corsican 
seed came from good ·tands in the v ic i n i L y of Yivario, 
Porto-Vecchio, Zonza and G h isoni and represe nts an 
a lti tud inal range from 700 to 900 m . 

Thc MPDL fami ly i n  tr ia l  XS 1 2  (Table 29 ) is a 
mixtu re or ha l t� sib seed from p lus  tree selected i n  
Portugal ( Perry a n d  Hopkins l 967) .  Average 
performance was nor s ign i ficant ly d ifferent  from that of 
the routine source wh ich was bu lk  collected in the 
forest of Lciria .  The p lus trees, elected a. domi nant s  or 
codominants but mainly to favour stem straightness and 
improved branching, retained thei r natural v igom i n  the 
environmental change . ontrol led cros cs from plu 
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stems se lected in local st:.i.ncls of Portuguese origi n 
( ES x E40, E l 9 xE40)  have :i 20 per cent  i ncrease i n  tree 
vo l ume ovc.:r the non -selected rout ine (T:1bk 7), at age 
20 years (Tab le.: 29 ) .  

These d iA-crences i n  growth performa nce between 
geographic groups occu rred frorn seed l ing to se mi ­
mature sta nd ( F ig .  7 ) .  

Portuguese, Tunisian, Spanish Provenances 

The superiori ty i n  vigou r  of the Portuguese 
provcn:1nces was also found to ex ist over 24 ha lf-s ib 
Tu ni i an fam i l ies from Ai n Bac.:couch i n  tria l  XS09 at 
Gnan ga ra ( Table 9) .  I n  th is  tria l  no  s ign ificant 
di f-lcrenees be tween the rou r ine seed I Jt  from Lei ria and 
two Span ish provenances, collc.:cted on the  north -west 
~oast near Barre i ros ( north)  and La Toja (west ) ,  cou ld 
be.: found .  At the t ime of col lection the latter were 
considered to be sim i lar  in appc.:arance to sta nds at 
L cir ia ( Perry and H opkins 1 967) .  

The Barrei ros provenance was a lso tc.:sted on 
l i mestone soi ls in the part l y  contro l l ed tria l  ( XR. l )  at
Yanchep and found to havc si m i l a r  height and diamc.:ter
growth to the Lci ri an rout ine (Table 1 0 ) .  In thi
comparison of adj acent strips on drou ght-prone soi ls
the Tunisian half-sib lots were again sign i ficantly
inferior in height and diameter growth to the Leiria
rou tine ( See Table 1 0, Fig .4) .



TABLE 29 
Performance of provenance groups in trial XS l 2 on 
limestone sands at Yonchep. The mean result for each 
provenance has been expressed as a percentage deviation 
from the Leirian Routine control. 

PROVENANCE STEM 
GROUP STRAIGHTNESS 

ACCEPTABLE MEAN HEIGHT 

% Im) Im' ho-1) 

Leirio Improved 
E5xE40 79 16.5 
E19xE40 81 16.3 
MPDL 75 15.8 

Mean 78 16.2 
Deviation (+291* 1+51 

leirio Routine 61 15.4 
Deviation (0) 10) 

Landes 
L64445 85 12.6 
L64435 76 12.2 

Mean 81 12.4 
Deviation 1+33) {-19) 

Corsican 
C374Q 90 10.6 
C3750 87 11.1 
C3751 SQ 11.0 
C3752 86 W.3

Mean 88 10.7 
Deviation 1+44) 1-311

I )* Percenloge deviation from the Leirio Routine control. 

Half-sib Leiria and Landes 

Thirty half-sib seed lots from plus trees collected in the 
Landes region as part of the French improvement 
program were supplied for testing in Western Australia. 
Two lots were included in trial XS12 (Fig. 7) and 
results of the remaining comparisons are expressed in 
Tables 13 to 17. The four trials concerned (XSll, 
YS08, YS09, YSl0) sampled soil types and climatic 
variation at Gnangara, Yanchep and Mundaring 
plantations. 

In trial XSll (Table 12) all 14 Landes families 
tested were less than the Portuguese routine in height 
growth and only 2 families were equivalent in diameter 
growth at age 10 years. one of the other 13 Landes 
families tested in other trials (Tables 13, 14, 15, 17) 
achieved height and diameter growth equivalent to the 
Portuguese routine. 

Three of eleven half-sib families collected from plus 

AGE 19.5 YEARS DROUGHT 
LOSSES 

MEAN BAOB MEAN VOLUME 

Im' ha-'I % 

25.21 149 0.0 
25.92 147 0.6 
24.92 139 1.1 

25.35 145 0.6 
(+14) (+211 (-651 

22.12 120 1.7 
10) 10) (01 

14.29 62 12.8 
12 96 56 6.7 

13.36 59 Q.7
(-381 1-511 (+4711

13.73 50 12.8 
13.84 54 8.9 
13.73 53 5.6 
12.96 50 13.3 

8.56 52 10.1 
1-39) (-57) (+4941 

trees in Portugal, included in trial XS09, were superior 
to the routine control in height growth (Table 9). The 
remainder were comparable to the routine. 

Inter-provenance Crosses 

The family LSMA in Tables 13 to 16 was an open 
pollinated cross between ramets of locally selected 
Landes plus trees and a pollen mix from Leirian plus 
trees. This family is one of the rare cases in which a seed 
source associated with the Landaise origin matches, 
under local conditions, the vigour of the Portuguese 
routine. Parent selection and/or crossing may have 
improved the family vigour over that expected in 
imported Landes groups. 

The significance of the dominance in vigour of the 
Leirian stock in inter-provenance crossing was tested in 
trials YSSl, YS52, and YS53 in which 9 Leirian by 
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Lei rian cro ses ( ExE) were compared with 9 Lci r ian by 
Landes crosses ( ExL)  and 8 Lcirian by orsican crosses 
( ExC) .  All parents were p lus  trees selected in local 
stands and the tr ia l  w:1s 1·cpcatcd at Gnangara,  Yanchcp 
and B ussclton . The first t·wo si tes arc on the  coasta l  
pla i n adj ;:11..:cnt to and north of Perth and arc 
respect ively, acid grey sands and l im estone sands. 
13 ussc l ton, in the southern l im i t  of s ites avai lab le for 
Pinu.s pina.rtcr atl-orestat ion i n  the  State ,  is considera bly 
cooler and less d ro u ght-prone .  

T h e  me:ins i n  Table 3 0  tor a l l  fami l ies ofs i 1 11 i l ar 
cross ing show the  Le i ri a  by Lei ria cross is supe r ior for 
heigh t· and dia111etcr growth at each of the.  rhrc.c. s i tes. 
Th i s  growth ad va11t:1ge averages abou t I O  per cent 
bcrte r than the rou t ine so urce but is s l ightly less t han 
the resu l t  for the orchard seed which has exc lu sively 
superior pl L IS trees as parents (Tab) · 3 1  ) .  

The Port uguese dom inance ca rr ied i n to the Lci r i a  
by  L;mcks gr oup is 4 to 6 per cent  more th ,  n r hc 
rou t ine for hc igh r and d iameter growth . evera l of the 
n ine fomi l ics wi t h in the Le i r ia by Landes group d id  nor 
d i ffer  s igni fican t l y  from the.  best L ciria by Lei r i a  fami l y 
at each sit e .  

T h e  mean fo r  the  Lei ri a  b y  Cors ican group i s  
equ iva lent t o  o r  sligh tly less than the rou tine. 

The dilti.:renccs in vigour between the cross ing 
groups is furth e r  d e fi ned i n  Figu re 8 .  I n  this Figu re the 
percentage of the fami l ies in each crossi n g  group w hich 
arc ranked w i th i n  the top one th i rd of the 28 fa m i l ies 
( i . e .  ranked 1 -9 )  �or each trial arc l isted .  l�or height and 
d iamete r measu rcmenrs the Lei ri :i  by Le i r ia crosses 
dominate  at a l l  s i tes, except for c.:irly heigh t growth at 
Gna 1 1ga ra . 

Pa rents used i n  these. cross i ngs were among the best 
phenotype selected from plantations in Western 
Austra l i a .  They arc not, however, proven e l i te trees and 
severa l of the Lci r i a  parents used have been cu l led from 
the seed orchard as a rcsu l of test ing .  

Rel at ive i mprove ment in the vig<H1 r  of Lrndes :md 
Corsican materi:i l  th rough crossi ng with the Porl l lgucse 
clea r ly depicts the gent:t i c  natu re oL-.rrribu tcs for vigour  
within the  provenances. 

Provenance Stability 

The i n ter -prove11 ;1 1 1cc c ross i ng  tri a ls YSS I ,  YS5 2  and 
YS5 3  provide the opport u n ity to  examine  adaptab i l i ty 
and stabi l i ty of provenance groups ovcr the range of 
l ocal s ite cond i t ions ( Fi n lay and Wilkinson 1 963 ;  B i l bm
and Ray 1 9 76 ) .

T h e  d i a meter me.ms for t h e  2 8  fami l ies, a t  .1ge 9 
years pkmed for each s i te ( f ig .  5 )  show general 
supe riori ty of the Port ugu ese influe nce (ExE )  ove r  that 
of the La ndes (ExL)  and Cors ic.-1 1 1  ( Ex C) ,  respect ive ly . 

Ana lysis of variance of the com bined resu l ts fou nd 
the s ite by fami ly i n  craet ion to be sign i ficant  and 
associated with some chan ges in the re l a tive ran king of 
i ndivid Lta l  famil ies w i th site (Fig. 5 ) .  

To fi.1rther examine the contribution of provenance 
to he in teraction the routine and orchard fam il ies were 
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removed from the data wh ich were re -analysed in a 
balanced design of 8 com mon crosses for each 
provenance grou p .  The site by provenance interaction 
was high ly s ign i ficant (Tables 2 1  and 22) .  This was 
l arge ly due to the Corsica n provenance i ncreas ing
d iameter growth rel ative ro that of the Portuguese
provenance as s i te  cond itions a lte red .

Rcgrcs� ions fc }I " the mean  of each provenance group 
( 8  fam i l ies) for each b lock ( 30 b locks ), aga inst  the 
mean for a l l  fami l ies i n  that block prov ided s ign i ficantly 
d i fforcnt  l i nes for the ra nge of si tes ( Pig. 9 ) .  The L ei ria 
by Leiria crosses (b = 0 . 8 3, R.2 = 0 . 8 8 ) tend to below 
average adaptabi l i ty ( Fi nlay and Wi lk i nson 1 963 ) and 
the Lei r i a  by  Corsican crosses (b  = 1 .20 ,  R' = 0 .94 ) 
te nd to above average adaptabi l i ty over the ra nge of 
s i tes . Th e Landes crosses ( b  = 0 .97, R.2 = 0.94) have 
average adaptabi l i ty .  Very high correlat ion coeflic.ients 
f-or the Landes by Lcir ia and the Corsic ;1n  by Lciria d:ita
sets arc indicat ive of h igh stab i l ity u ndc r the s i te
con ditions ( Bi l bro and Ray 1 976 ) .  The stab i l i ty of the
Por tu gucsc crosses, :i l though sti l l  high, is l owe r th:in
the ot·hc rs ove r the si te 1-:inge .

Discussion 

The consisten t  and strong su periority of seed from the 
forest of Lc i 1i1 over Landes, Corsican and I tal i an  seed 
in respcct to he ight ,  diameter and volume growth 
de monstrated in the e trials, su pports prel i m i nary 
concl usions ( Hopki ns 1 960) . The c ur rent  series of tria ls 
is stat ist ica l ly  control led , cover the fit I I  range of si tes 
ava i lable for a fforesta t ion and e m b r:icc a n u m be r  of 
d i fferent seed col lect ions. These requireme nt s  were no 
satisfied i n  earl i er  tests . The Tu nis i a n  proven ance h ad 
not previously been tested loca l ly .  

No d i fference in v igour  could be dist ingu ished 
between the Por t l l 6'1. lCSt. rou t i n e  and nvo provenances 
from the Spanish north-west Atl an t ic coas t .  weer and 
Th u l i n  ( 1 962 ) were a lso u n a ble to separa te pa nish 
At l a n tic coas t a l  provena nces from th ose of the 
Portu gue�c ,1 11d l�rench At l a nt ic co:ist i n  tr ials i n  cw 
Z<.:aland . l n  tr i a ls 01 1  the pan i sh north -west coast with 
2 3  proven:inccs from Spai n, Portu ga l , F ra nce and 
Corsica, RodrigL tez ( 1 966 ) reported that the local 
prove nances were s u perior to a l l  i n  s lenderness and 
fovou rabl e bra nch i n g. They were ., bo the  best in height 
growth alon g wi th provcn ances from the l◄rc nch 
La ndes region and the Portugu es1.; Lei r i an  fores t .  From 
a com parison of 22 p rovena nces at age 7 years at 
Serva nches in the.: Landes region , Al aza rd ( 1 982)  fou nd 
that a pan ish seed lot, from Po ntevedro, was s l igh tly 
i n fe rior in height growth to loca l prove nances and 
Leirian proven ances .  The form of the  p:in i sh ,  Landes 
and Lcirian trees was s i mi lar. 

The domi n a nce of the Lci ri an  i n  vigour  over that of 
a l l  other prove nance of the spec ies has been shown for 
Western Austra l i a  ( Hopki ns 1 960 ), outh Africa 
( Rycroft and Wicht 1 947)  and Greece ( M atzyris 1982 ) .  
Rod riguez ( 1 9 66), i n  comparing 2 4  provenances on 
the north-west coast of Spain, did not cparate the local 



TABLE 30 

Mean values for provenance crosses, the Leirian Routine and 
seed orchard seed at Gnangara ( l l, Yanchep (2) and 
Busselton (3). Heights are for 4.5 years of age, all other 
measurements at 9.5 yeors of age. 

PROVENANCE TRIAL MEAN MEAN 
GROUP LOCATION HEIGHT DIAMETER 

(ml (cm) 

Leiria 3.8 15.5 
X 2 3.6 14.4 

Leiria 3 2.8 162 
Mean (3.41 {15.41 

Leiria l 3.7 14.6 
X 2 3.3 13. l

Landes 3 2.8 15.5
Mean 13.3) (14.4)

Leiria 3.3 14.2 
X 2 3.1 12.5 

Corsican 3 2.7 15.6 
Mean (3.0) (14. l) 

l 3.6 14.3 
Routine 2 3.2 12.7 

3 2.6 14.7 
Mean (3.1) 113.9) 

Seed l 3.8 15.2 
Orchard 2 3.6 14.7 

3 2.9 16.3 
Mean (3.5) (15.41 

l Group Mean for 1he three locolions.

TABLE 31 

Variation from Routine seed lot values of composite means 
(3 locations) for provenance groups in trials YS5 l, YS52, 
YS53. Plus trees of Leiria, Landes and Corsican origin are 
coded E, L and C, respectively. 

PERCENT AGE OF TREES WITH 

STRAJGHT NORlv'AI. FINE FIAT 

STEMS STEMS BRANCHES BRANCHES 

45 33 69 28 
55 45 75 24 
54 48 42 46 
1511 (42) 1621 133) 

45 33 58 15 
67 69 64 25 
51 64 35 34 
(55) (56) (52) (251

51 50 55 17
68 76 76 19
73 72 39 47
(70) 166) (64) (31 I

22 22 63 16
48 48 68 24
28 44 37 37

(331 (38) (56) (26)

64 46 72 18
68 66 84 26
62 51 40 34
(65) (541 (65) 126)

PROVENANCE 
GROUP 

NO. PERCENTAGE DEVIATION FROM ROUTINE SEED 
FAMILIES 

HEIGHT DIAMETER STRAIGHT NORMAL FINE FIAT 

(4.5YR) (9.5YR) STEMS STEMS BRANCH BRANCH 

ExE 9 10 11 55 JO 11 27 
Exl 9 6 4 67 47 -7 -4
ExC 8 -3 l 112 74 14 19
Routine Mix 0 0 0 0 0 0
Orchard Mix 13 12 97 42 16 0
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Figure 9. Interaction in diameter growth between 
provenance groups (8 /amities each) planted at Yanchep 
(Y), Gnangara (G) and Busselton (BJ.  The Corsican 
influence (ExC) and to a lesser extent the Landes 
influence (ExL) is associated with better growth with the 
coolu; moirter conditions progressing from Yanchep in the 
north to Busse/ton in the south. 

source , the Landes, Leirian and an Esterel seed batch 
for top height and volume growth . Similarly, in New 
Zealand, Sweet and Thulin ( 1962) found that Landes 
and Leirian lots performed best of a wide range of 
provenances tested for height growth at age 5 years but 
were not significantly different from each other. They 
suggested there were no grounds to separate the 
Landes and Leirian groups on the basis of their results. 

Illy ( 1 966) and more recently Alazard ( 1982) have 
conclusively established the dominance in vigour of the 
native provenance over a!I others tested under Landes 
conditions . They attribute this largely to the relatively 
cooler nature of the sites and the inherent frost 
resistance of the local source . Reports on the 
performance of the species under recent severe winters 
in France (Alazard 1986; Chaperon 1986 ) identify the 
Landes as the most resistant and the Leirian provenance 
as the least resistant to frost damage. The Corsican is 
second in resistance with the Moroccan and the north 
coast Spanish following. 

The inter-provenance crossings in the current trials 
dearly show an overall dominance in vigour for the 
Portuguese provenance (See Figs 5 and 9) while 
demonstrating some decline in adaptability and stability 
of diameter growth along a north-south gradient of 

increasingly cooler and wetter conditions ( See Fig. 9, 
Table 22 ) .  Although the Portuguese provenance has 
superiority in vigour at this southern site, the data 
suggest that the Corsican and possibly the Landes 
genotypes are becoming more competitive under tl1e 
cooler conditions. 

Different performance of provenances in Prance 
(Alazard 1982)  and New Zealand ( Sweet and Thulin 
1962 ) compared witl1 tl1at in Western Australia 
(Hopkins 1960),  South Africa (Rycroft and Wicht 
1 947) and Greece (Matzyris 1982)  may be attributed 
largely to adaptation of tl1e Porn1guese provenance co 
the warm, frost free conditions of tl1ese three regions. 

DROUGHT RESISTANCE 

During the development period of the cu rrent local 
provenance trials, the worst drought recorded for the 
area ( 1 976-77) was common to the planting sites. The 
trial provenances were then aged approximately 10  
years, embraced both favourable and drought-prone 
sites and provided ideal conditions to compare the 
drought resistance of provenances of the species . 

Drought damage was assessable in trial XS 12  (Table 
8) and trial YS09 (Table 16)  at Yancbep and trial XS l l 
(Table 1 2 )  at Gnangara . Results show superior drought
resistance in the Leirian provenance to that in Landes
and Corsican seed batches .

At the onset of the drought the Leiria routine in 
trial XS 12  carried 80 per cent more stem volume and 
20 per cent greater basal area than the Landes and 
Corsican stands and thus was more prone to drought. 
Yet it had only 2 per cen t  drought mortality compared 
witl1 l O per cent in tl1e stands of smaller biomass and 
different origin (Table 8) .  

Results also show that selection and controlled 
crossing have favoured drought resistance over that in 
the non-selected, routine seed batches. This desirable 
trait, resulting from selecting dominant stems in local 
stands of Leirian origin, is accompanied by significant 
increases in vigour (Table 29) .  Also, in trial YS09 
(Table 17)  drought deaths in the half-sib Landes 
families varied from O to 10 per cent with the more 
vigorous locally selected Leiria by Landes cross (LSMA) 
suffering negligible drought damage . The resul ts 
suggest there is scope for improvement in drought 
resistance within the Landes provenance. 

Trial XS09 at Gnangara incorporated Spanish and 
Tunisian provenances. o mortality owing to the 
drought occurred in either of these provenances 
although surrounding trials were affected. The high 
survival rate could have been due to a favourable site 
bur it is believed to be associated witl1 a resistance like 
that of the Portuguese . This was partly confirmed by the 
non-replicated trial XRl at Yanchep where performance 
between these three groups was similar, despite con­
siderable mortality in the trial .  The Ital ian provenance 
was almost destroyed in this trial (Table 1 0) and appears 
as the least resistant of all provenances tested. 
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o other quantitative comparisons of field drougbt
resistance of provenances of Pini-ts pinastcr exist bur 
Destremau et al .  ( 1 982 ) note that the north African 
groups have high drought res istance . Hopki ns ( 1 97 1 b ) 
assessed the re lative drought  rcsi ra nee of Portu guese, 
Landes, Tu nis ian and Cor ' icrn µrovenances from 
control led studies of seedl i ngs .  The resu lts, particu larly 
from the viewpoi nt of i mproved resistance of selected 
mate ria l ,  arc verified by the curre nt field resu lts . 

Nguyen and Lam ant ( 1 989)  report that Guyon 
( 1 980,  1 982)  and Sarra ustc ( 1 982)  ch;1 racter ized 
di He re n t  pop u lat ions or J>. pinaster accord ing to shoot 
growth, needle wate r  porcnti :1 1  and  biomass responses 
to d rou gh r .  They found rwo provenances that d i llcrcd 
gn:at l y in dro ught  semi r iv ity . Comp. red wi th  the 
Tamjoutc p rovenance from Morocco, the Landes 
provenance grew vi gorous ly i n  wel l  watered condit ions, 
but relat ive ly poorl y w hen subjected to d rought .  

gu )1cn and La man l  ( 1 989 ) fou n d  t·hc Moroccan  
seed l i ngs had a higher root elon gation rare than the  
J .. rcnch seed l ings . They also h:id ,1 •rearer capac i ty lor  
osmotic regu lat ion , enabl i n g  them ro  mai nta i n  a greater 
water poten t ia l  d i th:rcncc between root and soi l , 
favour ing  water ex tracti on unde r  dryi n g cond i rions . 

The h i gh d rought res ist,1 nce recorded i n  Weste rn 
Austra l i an  tri a l s  suµports a hypothc. is or naru  ra l 
select ion to favour  rhc Lci rian r:ic.:c on frost free , wa r111 
s i tes and the L;1 1 1 cks race on frost prone ,  cooler  s i tes . 

Stem Fonn 

Straightness 

Resu l ts for assessment of src.: 1 11 s t. .-a ightne.�s i n  tria l 3/6 5 
(Tables 5 and 6 )  do not scpar:ite the two Portu guese 
provenances on the basis of proportion of lean i n g  t rees, 
stra i ght stems, ram ic.:orns and steep ness of bra nchi n g .  
Both were s ign i fic11 1t l y in terior t o  t h e  Corsican seed l ot 
i n  a l l  of these respects and to the Lan des  i n  a l l  a ttri b L 1 tcs 
except the proµortion of t rees with ra mic.:orns .  The 
hal i an proven;inc.:c had the  least stra ight stems. 

Stem straight n ess was a l so compared at stand  age 
7 . 5  )'Cars in trial XS J 2  ( Fig. 1 0) . The rou ti n e ,  MPDL 
h a l f:si b and one  L:1 ncks group were low i n  percen tage 
of average and above average straight stems .  O m; 
L1 n des group  and :1I I the Corsican grou ps were 
s ign i fica n t ly superior to the rou t i n e .  Wi th i n  the 
Port u guese gro u p  the t wo i mproved fu l l - si b  fam i l ies 
were also s ign i f-icrnt ly  str,1 ighter than the  routi ne group  
( Fig .  1 0 ) .  Th is showed su ccess i n  the µ lus  tree select ion 
process wh id1 a i med ro favour  stem straightness . I n  tr ia l  
YS08 (Ta ble 14)  no d i lfrrcnce in stra i ghtness cou l d  be 
found between the Landes hal l�s i b fami l ies and the 
Portu guese rou t i ne .  Aga i n ,  in th i s  tria l ,  h igh l y 
. � igni ticant im provemem ( . O l leve l ) i n  stem straigh tness 
over the rou tine  batch rcsu l rcd from selection and 
control led crossing withi n rlu: Portuguese provenance .  

The heritable nature of stem stra ightness within 
provenances of the species is measured by crosses 
between Leiria, Landes and Corsican trees selected for 
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s t ra ightness, with Lci ri a  plus rec .� ,  in rria ls Y 5 1 , Y 52 ,  
YS5 3 .  Thi: Corsican crmscs ( ExC ) were consi .�rc n t ly 
su perior i n  µcn.:cntage of stra ight stems ,ind 1 10 1 1 -forkcd 
norma l s lems al the  t hree s i tes tc.m.:d ( Fig .  8 ,  ' fable 30 ) . 
The L;rndes crosses (Ex L) were net  in order of 
i m portance with the Lcir i:1 crosses ( Ex E) si m ibr  to the 
Landes i 1 1  s t ra igh tn ess but dcfi n i rc ly  i n l"crior on rhe 
basis of apica l  dom in ance .  Stem fnrk ing is , major 
de fect in rhe prove n:1 nce and th i s  is borne our by the 
l ow pcrccmagc of no n - forked ste m s  obtained fr>r both 
the rou t ine  Portu gu ese bat1.: h  and i-hc Lci r ia by Lciria 
cross in Tables 30 and 3 1 .  R.c:m l ts from the µrogcny of 
the Lci r ian seed orchard show a definite early 
i mprovemen t  i n  the proport ion or straigh l stems and 
ap ica l  domi nance, through selen ion . 

D i lfr rc nccs in rhe i n hcri t .. 1 1 1cl· 0L1nri b u res f or s tem 
st raigh tness arc perhaps mmi: dc;1rly e x pressed i n  
Figu re 8 .  This Figu re shows rhc  pe rce n tage o f  fam i l ies 
in each group  of cont rol l ed  crosses ( ExE ,  ExL, ExC ) 
occu rri ng in rhc best fam i l ies ranked for s lc 1n 
straigh t11 css ·.1 1 1d non - forked ste m s. For s 1-r:1 igh tness rhc 
Corsican c rosses h ave abso lu te su per i ori ty ( 8 3  per 
cen t ) .  'l here is l i t  le d ifference between the Lei r i an  ;ind 
Landes cro.�scs ( 7  and  I 5 per cen t ) f or s t ra ightn ess . 

Scvc11 ty- 1 1 i 1 1c per cenr of the Co rsican cross trees 
had a s i ngle leader compared wirb on ly  4 per cem for 
the Lcirian crosses, again emphasizing the de ficiency of 
the Leirian race in this respect . 

These results show a remarkable improve men t i n  the 
Lei rian provenance th rou gh selection and control led 



crossing. It may also be desirable to improve to the full 
potential for the species by hybridizing ,vith Corsican 
select stems, a strategy recommended for improvement 
of the Landes group by Alazard ( 1 982 ) .  

Branching 

Steep, high angle branching is usually associated with 
tl1e Atlantic race . Compared with the Corsican race, 
branching of the Landes and Leiria provenance is al o 
considered to be relatively heavy and irregular. 

In trial 3/65 (Table 6) the Portuguese provenances 
had significantly steeper branching than the Landes, 
Corsican and ltalia.iJ provenances, which were 
insepa.i·able in this respect. Results from trial YS08 
(Table 14) ,  however, showed no significant differences 
in branch angle between Landes, routine and selected 
families . 

It can be seen from Table 14 that selection may 
alter tl1e proportion of trees witlJ low (flat) angled 
branching in the Portuguese population . Superior 
branch angle characterist ics were recorded in only 2 of 
14 full-sib families, and in l of the 1 4  branching was 
significantly steeper than in al l other families in the trial . 

Differences in branch mickness between the two 
Atlantic provenance are not so distinctive. In trial YS08 
(Table 14) three of ilie four Landes families were not 
significantly different from tl1c routine Portuguese in 
percentage of favourable small branched trees while the 
remaining family was poorer in tl1is respect .  Most full­
sib families in the trial had better branch size 
cha.i·acteristics tl1an the routine seed source . 

Inter-provenance cro sing of Leiria by Leirian, 
Landes and Corsican groups in u'ials YS S l ,  YS52 ,  YS5 3  
revealed considerable variation i n  the branch angle and 
branch thickness, with site (Table 30, Fig. 8 ) .  On tl1c 
basis of average values for each provenance group 
shown in Table 3 1 ,  the Lciria and Corsican have similar 
proportions of trees \.vith acceptable flat branching witl1 
the Landes less acceptable .  Comparison of ilie 
percentages of tl1c families in each provenance group 
which occur in the top third of rankings for branch 
angle (Fig. 8) does not al ter the s ituation . Similarly, the 
percentage of trees witl1 fine branching alters somewhat 
with site . Results suggest that me Corsican crosses have 
a small advantage in the number of favourable stems. 

Resul ts for branch angle (Table 3 1 )  showed no 
improvement in the proportion of favourably branched 
stems in the orchard progeny over tl1e unimproved 
routine. Improvement in branch iliickness due to 
selection in the seed orchard population is considerable 
and the qual ity obtained approaches that of the 
Corsica.11 crosses. Of tl1e individual families which are 
the best or not significantly different to the best in 
branching, in tl1e th ree trial s ,  several a.re from crosses 
between Leirian plus trees (Tables 26 and 27). 
Improvement in branching could tlms be obtained 
through tree selection within the provenance and there 
appears to be little merit in inter-provenance crossing to 
achieve this objective . 

Discussion 

Ea.i·ly studies in South Africa and Western Australia 
revealed the superiority of provenances from Corsica in 
stem straightness , absence of forks, regular, flat and fine 
branching and symmetrical crowns (Rycroft and Wiehe 
1947; Hopkins 1960 ) .  The out randing form of tlus 
provenance ha since been acknowledged from tests in 
France (Alazard 1982 ) ,  Greece (Matzyris 1 982) ,  ew 
Zealand (Sweet and Thulin 1 962) and north Spain 
(Rodriguez 1966) .  It would appear iliat for decreasi ng 
ranking of stem straighmess the Corsican provenance is 
fol lowed first by provenances from Morocco and tl1e 
Mediterranean coast of France and tl1ese are followed 
by the Atlantic coast and Genova - La Spezia 
provenances . The uccan and some of the in land 
Spanish seed lots were inferior in stem straightness in 
New Zeala11d (Sweet and Thulin 1962 ) .  For percentage 
of trees judged acceptable for leader dominance in ew 
Zealand, the Corsican, Italian and Moroccan seed lots 
had high values while tl,c Atlantic coast provenances 
were Jess acceptable . 

Experience in Western Australia and Soutl1 Africa 
would generally place the Porn1gucsc race slightly 
superior to me Landes in straightness . Sweet and 
Thulin { 1 962)  were not able to separate tl1cse two 
geographic provenances on the basis of percentage of 
acceptable trees in trials in cw Zealand. However, tl1c 
high level of stem forking a.11d ran1icorn development is 
a major commercial defect in plantations of Portuguese 
origin (Rycroft and Wicht 1947; Hopkins 1960) .  

The Atlantic races have usually been attri buted witl1 
long clean internodes and relatively high angle 
branches, with the Portuguese origin tl1e most 
pronounced in ilicsc respects (Pcny 1949 ; Hopkins 
1960 ) .  Destrcmau et al. ( 1 982)  suggested tl1at the 
Corsican race is usually uninodal, tl1c Leirian race is 
occasionally multinodal and me Landes a.11d Tunisian 
races a.re nearly always systematically multinoda.J . The 
present studies support tl1ese obse1vations .  

Flowering 

Perry ( 1940 , 1 949) noted that the onset o fflowering in 
provena.11ees compared in tl1e same plantation, under 
identical cultural conditions in Western Austral ia, was 
genetical ly controlled . The Portuguese race was the first 
to flower in early spring, followed by the French Landes 
and French Estcrcl and last of all tl1c Corsican . This 
separation of approximately tl1ree weeks in onset of 
flowering between the Portuguese and Landes and 
Landes and Corsican races is also recorded for French 
provenance comparisons by Destrcmau et al. ( 1982 ) .  

Propensity for  cone production has also been noted 
to vary wit11 provenance. Prolific flowering of tl1e 
Esterel and sparse flowering a.11d cone production of 
Corsican seed lots noted by Perry is recorded for you11g 
plantation trials in ew Zealand by Sweet and Thulin 
( 1 962) .  They also commented on the sparse flowering 
of trees of Moroccan origin . Rycroft and Wicbt ( 1 947) 
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recorded sparse cone production of Corsican seed lots 
u nder South African conditions. Matzyris ( 1 982 )
measured significant differen ces in the proportion of
provenances bearing cones at the age of 9 years in tria ls
i n  G reece . The most prolific provenances were Landes
and Cevennes from Fra nce whi le  the Corsican
proven ance prod uced the least cones  at th i s  age .
Matzyris reported that the  Portuguese provenance was
also a low cone prod ucer.  Dest:remau et a!. ( 1 982 )
noted that the Tu nisian race was a very precocious
flower producer and flowe red abu ndan tly i n  the second
year i n  the plan tat ion . This fact was veri fied i n  trials of
Tu n is ian p lus  trees i n  Western Austra l i a .

Flowering Times 

Resul ts obta i ned within the  i m p rovement program 
q uanti fy v:ir iation :issociated with flowering time and 
p recoc i ty in some p rovenances of Pinus pinastcr. 
Di fferences arc obviously due  to ge netic control wi thin 
popu l a tions . The Portugu ese and north-west Spanish 
p rovenances were the firs to flower i n  spri ng, u nder 
Weste rn Austral ian condit ions, and the  Corsican was 
the last ro flower. The d ifferences between t hese two 
extremes a rc d ist inct in the cases measured . The Landes 
provenance flowers i n  between these rwo extremes, is 
fo l lowed by the Tu n is ia n , the n  the I ta l ian and Corsican .  

Fruitfulness 

The I ,amks and Cors ica n prove nam:cs s tud ied showed 
less precocity at age 5 .5 years than Portugu ese and 
I ta l ian seed lots and had significantly l ess trees w i th 
cones at age 1 0 . 5 years . 

Discussion 

Resu l ts obtained ;i re in accord with the genera l  trend s 
reported .  They reveal , however, the  great va r i ation 
between genotypes withi n a popu lat ion . Pop u lation 
means for a large sample shou ld de monstrate that the 
Portugu ese flower ing is dist i nct from that of Landes 
with orsican latest of the three .  Va r iation with in  tbe 
species i s  i n  fact cont inuous and smal l or non 
represe ntat i ve samples could con fuse the resu lts. 

The requ i rement for comprehensive sa mpl ing to 
overcome  natu ral variabi l i ty ,vas also n oted as essent ia l  
fr w d i ffi.:rcntiat i on of terpene conte nts of provenances 
by Bernard - Dagan et al. ( 1 9 7 1 ) . They found that intra­
spec i fic variabi l ity of monotcrpcne con tents of trees i n  
the La ndes d istrict w a s  not strong enough t o  be clea rly 
shown w i th less than ten trees i n  a sample .  

The importance of the representative natu re of the 
seed lot in provenance comparisons was demonstrated 
in the fie ld tri ab .  The Landes provenan ce in trial 3/65 
was s imi lar in height growth and flowering 
characteristics to tJ1e Corsican (Tables 5 and 6) .  This is 
contrary to previous comparisons of these two 
provenances in Western Australia (Hopkins 1960) .  
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Examination of the flowering time for tl1e Landes 
population used in trial 3/65 left l ittle doubt that it has 
more aki n to the Corsican group than to the general 
Landes grou p .  Hen ce, although signi ficant differences 
i n  precocity and ste m straightness were a sociated witJ1 
genet ic origin in tl,e u- i a l ,  the provenance groups were 
not truly represen tative . Sam p l i ng to define the 
variat ion bot!, witl1 i 11 and between provenance areas i 
esse ntial for real ist i c generalizations of di ff-crencc 
between geographic groups of a species . 

Resu l ts support reports of gen etic control of 
precoci ty in provenances of Pinus pinaiter (Sweet and 
Thu l in 1 962; Destrcmau et al 1 982 ;  Matzir is 1 98 2  ) .  
The Landes and Corsic.1 11 provenances studied showed 
less precocity at age 5 .  5 years than Portuguese and 
I ta l i an  seed lots and h ad s ign i ficantly less trees with 
cones a t  age 1 0 . 5  years .  

Knowl edge of tl1e var i abi l i ty  in t h e  ti me o f  floweri ng 
and fecu ndity between c l ones was i mportant in 
designing the com plement of gra fts in seed orchards .  
Some c lones with in t h e  popu lat ions  u nder select ion had 
a l i mited proba b i l i ty o f  crossi ng d u r ing the d iflc rcnt  
optim u m  per iods of recq>t ivity . Other  clones were 
prod igious cone p rod ucers and required less rep resent­
ation i n  stems i n  the orchard .  Variation i n  the period of 
floweri ng and propensi ty for seed production arc 
importa n t  to orchard ba la nce . Frnitfu l ness a lso has a 
di rec t bea r ing on the L 1 n i t  cost of seed produced in an 
orchard . 

Wood Properties 

There is l i tt le i n form a t ion on the p hysi c a l  wood 
properties of the various p rovena nces al tl1ough 
considera ble research bas been carried out  in Eu rope on 
resi n properties and wood chemistry of trees and 
pro e nanccs ( Bernard-Dagan et al. 1971 ) .  

Rycroft and Wiehe  ( 1 947)  mea ured wood dens i ty 
of ·ample discs from comparative trials i n  ou tJ1 Africa 
and found the Portuguese trees to have the h ighest 
dens ity . Landes was next in order wi th Estcrc l ,  Corsican 
and Morocca11 of l owest dens i ty .  General ly the fastest 
growi ng trees yielded wood of h i ghest densi ty but tl1e 
overa l l  dens ity range was sma l l . 

Nichol ls ct al. ( 1963)  assessed wood prope rties of 
trees from ear ly Weste rn Austra l i a n  provenance trials at 
Gnangara compari ng p rovenan ces of Cors ican, Landes , 
Esterel and Lei rian origi n .  Basic densi ty of Corsican 
wood was found to be markedly lowe r th an the others . 
D i ffere nces i n  trache id le ngth we re smal l .  Th i s  study 
was fol lowed ( icho l l s  1 967 ) w ith another usi ng 
material from the Somervi l le provenan ce tria l i n  Western 
Austral ia ( Hopkins 1 960 ) .  The Leirian provenance had 
the most favo urable ( leas t )  grai n deviation 
character ist ics and again the Corsican was the poorest of 
the four provenances i n  this c haracteristi c .  Ave rage 
u·acheid length was si milar in a l l  provenances except in
ma ture wood where tl1e Esterel was significantly ( . 0 1
level )  higher .  Basic density o f  tl1e Leiria was significantly
higher tl,an all other provenances .



Nicholls ( 1967) concluded that the trees of the 
Corsican provenance were inferior in wood quality and 
that the Leiria provenance offered the best potential for 
the improvement of wood characters in Pin us pinaster. 

Perry measured spiral grain in 8 5 plus trees selected 
in Portugal and also took cores for analysis by the 
Commonwealth Scientific and Industrial Research 
Organisation ( Perry and Hopkins 1967 ) Spiral grain 
v aried from O to 6 degrees and density of mature wood 
ranged from 0.42 to 0 . 5 8  g/cc , within this selection 
( icholls 1968 ) .  The range of variation in basic density 
in both juvenile and mature wood is quite adequate to 
allow for improvement through breeding. 

Racial Groupings 

Provenance field trials in Western Australia (see 
Table 1 )  are of conventional field plot designs which 
effectively determine the significance of similarities or 
differences between individual attributes measured. For 
such designs normal analysis of variance (ANOVA) 
procedures assess the significance of the variation 
between treatments or families. Where significance is 
established for treatment variation, differences between 
the means of treatment attributes are assessed by least 
significant difference procedures . 

The practice assesses accurately the superiority of 
families for height growth, seem straightness, time of 
flowering and one could ensure that parents employed 
in the breeding program were superior to a standard or 
control at a specified level of significance. This provides 
a reproducible selection differential . Selection becomes 
more complicated when breeding a number of traits 
concurrently and procedures such as combined index 
selection (Cotterill 1986 ) ,  which integrate the family 
means and individual tree values for multiple traits into 
a single number or index, have been developed . 

Similarly, from the point of defining provenance 
groups, it is desirable co be able to consider the 
commonality of grouping of tl1e typical attributes, 
rather than the difference in one particular attribute . 
For this requirement the ANOVA is not necessarily 
satisfactory (Freeman 1973 ) .  

For trials 3/65 and XS12  which include a useful 
geographic range in families, discriminant analysis was 
used to confirm the importance of the differences of 
attributes measured in standard ANOVA procedures 
and to test the strength of expression of attributes that 
were assumed from results to be representative of major 
provenance groups. 

Trial 3/65 

Data obtained for each of the five provenances for 
pollen, cones, height, bends, multinodes, butt sweep, 
high angle branching, ramicorns and straighmess in trial 
3/65 (Tables 4, 5 and 6) were analysed by discriminant 
metl1ods . All data except those for height were 
transformed to angle arcsin for the analysis. 

The first analysis, termed Run 1 ,  considered the five 

provenances Leiria R., Leiria 2 , Landes, Italian and 
Corsican and all of the attributes mentioned above . 
Two of the four functions separated (Table 32 ) were 
highly significant and a territorial map was plotted for 
the centroids of each group, assuming all functions but 
the first two were zero (Fig. 1 1 ) . The analysis correctly 
classified 92 per cent of the 25 actual groups. One 
Leiria R case was i.ncorrectly classified as Leiria 2 and 
one Leiria 2 case was incorrectly classi fied as Leiria R; 
all ocher groups were correct .  

Run 2 was simi lar to Run but omitted height data, 
the most obvious difference measured between the 
groups and one in which the phenotypic expression is 
known to vary with climate of the test site (Alazard 
1982 ) .  From Table 32 it can be seen that height was the 
major factor determining Function 2 in the scatterploc . 

Run 2 correctly class ified 84 per cent of the cases 
(Table 32)  confusing one Leiria R for one Leiria 2, one 
Leiria 2 for one Leiria R., one Landes for Corsican and 
one Corsican for Landes . Again, three main groupings 
Leiria, Corsican and Landes and Italian were 
distinguished in which Leiria R and Leiria 2 and Landes 
and Corsica were not completely separated from each 
ocher ( Fig. 1 1 ) . The major contri butors to Function I 
were the percentage of trees bearing cones in 1978 and 
percentage of trees with favourable branch angle . 
Percentage of straight stems was the major contributor 
to Function 2 .  

For Runs  3 and 4 the provenances were coded into 
three groups 1 - (Leiria R and Leiria 2 ) ,  2 (Landes and 
Corsican ) and 3 ( Italian) .  The analysis was highly 
significant and correctly grouped 100 per cent of the 
actual members . In Run 3 data for height, high angle 
branching and cones counted in 1 968 were analysed .  
Again for Run 4 height data were omitted and groups 
were tested against cones in 1968 , high angle 
branching, straightness, bends and ramicorns . 

Trial XS12 

Trial XS 12  is a randomized block experiment with five 
replications . In ANOVA there were no significant block 
effects in measurements for height, diameter, average 
stem straightness ( percentage I ,  2, 3 classes) and ideal 
stem straightness (percentage 1 ,  2 ) .  

I n  Run 1 the  ten provenance families were analysed 
for the above mentioned attributes and two of the four 
canonical functions were higbJy significant (Table 33 ) .  
Thirty-five of  the 50  groups were placed correctly. Of 
tl10se misplaced, five were Lei rian placed in different 
Leirian groups, one Landes group was placed in the 
other Landes group and tl,e otl1er nine were Corsican 
placed in other Corsican groups. The scatter diagram in 
Figure 1 2  shows tl,at although 70 per cent success was 
achieved in placing data groups into their correct 
family, there was virtually 100 per cent success in 
separating three distinct geographic races .  

Run 2 used only five provenance groups - 1 
(Portuguese Full-sib 1 + Full -sib 2 )  + 2 (Portuguese 
MPDL) + 3 (Portuguese Routine ) + 4 (Landes 1 + 
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TABLE 32 

Results from canonical discriminant analyses of measured 
aHributes in trial 3/65. 

CANONICAL DISCRIMINANT FUNCTIONS 

RU RUN 2 RUN 3 

Function 2 3 4 2 1 2 
Eigenvalue 135 20.5 2.46 0.31 76.4 3.25 49.5 1.01 
Percent of Variance 85.4 12.9 1.6 0.2 95.4 4.1 98.0 2.0 
Cumulative Percent 85.4 98.3 99.8 100 95.4 99.5 98.0 100 
Canonical Correlolion 1.00 0.98 0.84 0.48 099 0.88 0.99 0.71 

Wilks' Lambda 000 0.01 0.22 0.77 0.00 0.16 0.01 0.50 
Degrees of Freedom 36 24 14 6 20 12 6 2 

Significance 0.00 000 0.03 0.60 0.00 0.00 0.00 0.00 

Provenance Groups 5 5 3 

STANDARDIZED CANONICAL DISCRIMINANT FUNCTION COEFFICIENTS 

FUNCTION 2 3 

Pollen 69 0.94 -l.18
Cones 68 1.63 -0.02
Height 75 -1.89 2.83
Bends 75 -0.27 0.59 Nol 
Muilinode 75 0.14 0.21
High Angle 75 l 10 0.21
Rumicorn� 7 5 0.94 -0.6'1 Relevu11I 
Shoighlness 7 5 -073 0.21
Cones 75 1.59 -1.53

Percentage of Groups 92% 
Correctly Classified 

Landes 2) + 5 (Corsican 1 + Corsican 2 + Corsican 3 + 
Corsican 4 ). 

The analysis for the first two canonical fi.mctions was 
again highly significant, differentiating mainly in 
coefficients for height in Function 1 and for d.b.h.o.b. 
and straightness in fllnction 2. All but six of fifty cases 
were correctly classified. Ofrhese six, all were Lcirian 
misplaced into alternative Leirian cases, generally from 
ti.ill-sib and routine into the half-sib (MPDL). The 
scattt:r diagram in Figure 12 depicts three distinct racial 
groups. 

Run 3 grouped the provenance family data into 
three groups, Leiria, Lande and Corsican. The analysis 
was highly significant and correct grouping was 
achieved for 98 per cent of cases, the exception being 
the one Corsican case that is actually closer to the 
centroid for the Landes data (Fig. 12). 

Discussion 

Discriminant analysis assists in the interpretation of 
provenance variation in four aspects: 
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4 2 2 

1.28 0. 18 1.11 -0.43 
058 088 

0.18 -0.30

079 0.18 0.89 0.18 
0.61 0.23

-0.51 0.94

84% 100% 

l. It provides an alternative method to evaluate the
utility of the classitication procedures used for
assessment of atrriblttes of form and flowering.

2. A further appreciation i · obtained of the factors or
attributes which arc strongest in separating the
provenances.

3. 1:urther to 2, it shows that the geographic grollping
arc valid (in trial 3/65) independent of height data
which may va,y in expression in different countries
( weet and Thulin 1962; Alazard 1982 ).

4. It substantiates the extent to which measured
attributes relate to the original families, i.e.
inheritance.
Results, which employ different provenance group

in each trial, substantiate the basis for identified 
geographic races (Destremau et al. 1982 ). The 
Portuguese, Italian, Corsican and Landes appt:ar as 
distinct groups. Even in the analysis for trial 3/65 
where the Landes ,rnd Corsican and Lciria were 
grouped to show close relationships, in the initial Run 1 
the Landes and Corsican groups were correctly 
separated and only one in five of the cases in each of the 
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Figure 11. Discriminant analysis of field data measured in trial 3/65 showing clear separation of provenance groups. 
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TABLE 33 

Results from discriminant analyses of measured attributes in 
trial XS12. 

CANONICAL DISCRIMINANT FUNCTIONS 

RUN 1 RUN 2 RUN 3 

Function 1 2 3 4 2 2 
Eigenvalue 35.6 3.71 0.36 0.18 28.5 2.01 24.7 1.41 
Percent of Variance 89.4 9.3 0.9 0.5 92.6 6.5 94.6 5.4 
Cumulative Percent 89.4 98.7 99.6 100 92.6 99.l 94.6 100 
Canonical Correlation 0.99 0.89 0.51 0.39 0.98 0.82 0.98 0.77 

Wilks Lambda 0.00 0.13 0.63 0.85 0.01 0.26 0.02 0.42 
Degrees of Freedom 36 24 14 6 16 9 8 3 
Significance Level 0.00 0.00 0.14 0.33 0.00 0.00 0.00 0.00 

Provenance Groups 10 5 3 

STANDARDIZED CANONICAL DISCRIMINANT FUNCTION COEFFICIENT 

FUNCTION 2 3 

Height 0.89 -0.46 Not 
Dbhob 0.27 1.05 
Straightness 1,2, 3 -0.17 0.27 Relevant 
Straightness 1,2 0.00 0.86 

Percentage of Groups 70% 
Correctly dassif ied 

Leiria Rand Leiria 2 data were confused with the 
adjacent provenance. This common grouping supports 
the similarities found for individual traits by the 
ANOVA procedures and provides a desirable 
integration of the ANOVA results. 

It has previously been noted that the Landes family 
(S2865) used in trial 3/65 was more akin to the 
Corsican norm for time of flowering, low vigour and 
high percentage of straight stems (Tables 4, 5 and 6 ). 
This observation is supported by the present analysis in 
the close affinity of the Landes bulk provenance with 
the Corsican, demonstrated in Figure 11. 

The tight grouping of the Leirian routine, half-sib 
and fuU-sib families represents a tree type typical of seed 
from Leiria and the refinement of major variabilities 
within the population. 

Within the present study, discriminant analysis 
provides a dear iUustration of the unique and heritable 
characteristics of geographic races within the species. 

Adequacy of Studies 

Bernard-Dagan et al. (1971) and Sweet and Thulin 
( 1962) stress the need for provenance sampling to be 
fully representative and statistically identifiable with the 
population it is required to depict. Current studies 

4 2 2 

0.88 -0.51 0.99 -0.54 
0.26 0.99 0.15 1.02 

-0.19 0.36 -0.43 -0.00 
-0.12 0.58 -0.15 0.67 

88% 98% 

support this and suggest that trials which do not permit 
intra-provenance as well as inter-racial comparisons are 
of limited value in commenting on geographic 
genotypes. 

Trial XS12 in the local studies, although relatively 
small, was ideal in allowing inter-and intra-provenance 
comparisons. Most other trials had satisfactory 
representation within a geographic group and reliability 
in sampling for seed collection. Trial 3/65, on the 
other hand, was not replicated within provenance 
groups except for the Portuguese and provided 
uncharacteristic results for vigour, branching, 
straightness and fecundity for the Landes provenance. 
The deficiency demonstrates clearly the wide variation 
present within any geographic grouping. 

Many trials designed for forestry purposes are also 
biased in that they sample specific phenotypic characters 
of commercial importance i.e. dominant height growth, 
diameter growth, stem straightness (Rycroft and Wicht 
1947). Both the sampling procedure and the 
assessment procedure of the trials carried out may fall 
short of the requirements of a geneticist or physiologist. 
Despite these possible shortcomings, consistent and 
distinctive attributes are associated with provenances 
from different geographic areas. Association of the 
phenotypic variation of characters of commercial 
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interest to forestry with a genetic imprint with 
geographic identity is proven. 

Current studies reveal the continuous nature of 
variation within a spt:cics and the actual gcogrnphic 
ranges which could be associated with the dominam 
transmission ofan attribute is still to be defined. To a 
degree, the extent of grouping or classification is a 
matter of convenience depending on rhc attributes 
measured, accuracy of measurement, range of variation 
studied and grouping or analysis procedure employed. 

Knowledge obtained from a wide range of f-icld trials 
and literature reports satisfactorily dclinearc populations 
tc)r practical breeding programs. Characters of 
importance within each provenance can be separated 
and developed within breeding programs. 
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