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CENTRE OBJECTIVES

General:

»

The general objectives of the Centre are:

to undertake high-quality scientific and technological research which contributes
to national forestry objectives, including economic and social development and
the development of an internationally competitive industry sector;

to ensure that industry captures the benefits of research and to strengthen the
links between research and its commercial and other applications by the active
mvolvement of the industrial participants in the work of the Centre;

to develop a centre of forestry research by promoting cooperative research and
through it a more efficient use of resources;

to provide relevant education and training, particularly in graduate programs,
through the involvement of researchers from outside the higher education system
in educational activities and by involving graduate students in major research
pProgrames;

to operate effectively and efficiently according to international standards and
under sound financial control;

to ensure staff are well motivated, appropriately skilled and work safely.

Specific:

The Centre aims to become a national centre for developing and promoting

innovation in hardwood forestry by:

developing forest management systems to increase wood productivity in
temperate hardwood forests in an environmentally sustainable and responsibie
way;

improving the quality of wood from hardwood forests to ensure its market
sultability for efficient, value added processing;

gaining a competitive advantage for Australia’s forestry sector over other
hardwood producing countries;

developing a national centre of excellence for postgraduate training with
emphasis on training graduates relevant to the industry sector.
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This year has been one of substantial achievement and change. A
new Strategic Plan was deveioped by the CRC Board. The new
mission of the Centre is brief but focused and states that the Centre
will:

‘Enhance the economic return from temperate hardwood forests
and sustain productivity into the future.’

Together with the general objectives of the CRC program, four

specific objectives were set:

+ developing forest management Systems to increase wood
productivity in temperate hardwood forests in an
environmentally sustainable and responsible way;

« improving the quality of wood from hardwood forests to ensure

its market suitability for efficient, value-added processing;

« gaining a competitive advantage for Australia’s forestry sector
over other hardwood producing countries;

« developing a national centre of excellence for postgraduate
training with emphasis on training graduates relevant to the
industry sector.

The four programs in the Centre, Genetic Improvement, Soil and
Stand Management, Resource Protection, and Education and
Technology Transfer have been charged with addressing these
objectives within the priorities set by the Industry Research
Committee and the Board. New targets and performance indicators
have been set covering the research programs, education and
technology transfer, management, external linkages and resources.
This plan will guide us to the crucial fifth year review and
determine whether the Centre will be extended beyond its original
seven year horizon.

During 1994/95 a two-stage third year review process was
conducted. The first stage involved a detailed examination of the
outcomes and future plans for all projects and programs by the
Scientific Review Committee. Whilst the overall review was positive
it led to recommendations for specific changes in various projects.
The second stage of the review involved an external review
comtnittee coordinated by the CRC Secretariat which focused at a
higher level on the outcomes and future plans at the program level,
and how the Centre had built up cooperative linkages and added
value to the research of the individual parties in the Centre. Again,
our ‘report card’ was generally good with five recommendations
for changes. These recommendations have been examined by the
Board and significant changes made to implement the key
elements. In particular, the Cenire has advertised for a Business
Manager and will produce a business plan to develop the Centre’s
funding requirements beyond the end of our initial seven-year
term. The ‘public good’ research that we carry out will be
highlighted and our interaction with other research organisations
and relevant commaunity groups further developed. The Education
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Three key people invelved in the
organisation of the CRCTHF/
IWFRO Conference ‘Hucalypt
Plantations: Improving Fibre Yield
aand Quality” from left to righy;
Brad Potts, Nuno Borralho and
Peter Volker,

and Technology Transfer Program will take a leading role in these
activities. Finally, the Soil and Stand Management Program and
the Resource Protection Program will be further strengthened to
ensure their international standing.

The Centre ran an -international conference on “Hucalypt
Plantations: Improving Fibre Yield” during February 1995, This
was an outstanding success both scientifically and financially. We
attracted 270 delegates from 23 countries and the plaudits flowed
in from worid-wide. The organising commitiee must be
congratulated on an excellent job and in particular thanks must go
to Peter Voiker, Brad Potts, Neil Davidson, Jane Burreii and the
staff of Mures Convention Management. Nuno Borralho must also
be congratulated on being elected to chair the key IUFRO
committee on ‘Bucalypt Silviculture and Breeding’, an honour
both to him and the Centre,

A mgjor achievement this year has been the development, in
collaboration with Southern Tree Breeding Association (STBA), of
breeding plans for Eucalyptus globulus and E. nitens, including a
clear definition of the breeding objectives, the development of a
work plan and the costs of the breeding activities such as crossing,
testing and assessment of matertal. A cost-benefit analysis
indicated that there are substantial short- and long-term benefits of
such a cooperative breeding program. This is a significant
outcome for the Centre and was only possible because of the
innovative research on the application and improvement of mixed
models to tree breeding, coupled with large assessment programs
for growth and wood density in over 1000 families and 100,000
trees established across Australia and New Zealand. This has
resulted in international recognition of the Centre as the key site
for research on the genetics and breeding of temperate eucalypts,

The research programs have continued to produce significant
outcomes with a substantial rise in the output of publications.
Highlights of this year’s research include:

* the confirmation of pilodyn measurements as a cost effective,
indirect assessment method of wood density in eucalypts;

» the genetic parameters for frost resistance, rooting ability,
defoliation, wood deasity, early survival and Mycosphaerella
damage have been determined;

* the establishment of a single, easily accessible database for
growth and pilodyn measurements from over 100,000 trees of
E. globulus and E. nitens:

* the development of the appropriate models for analysis of
these datasets based on mixed model Best Linear Unbiased
Prediction (BLUP) methods;
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Prof Peter Kanowski, visiting
scientiss in the Genetic Improve-
ment Program (photo courtesy of
The Mercury).
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e the relationship of the Eucalyprus subgenera with Angophora
was determined using chloroplast molecular markers;

+ the identification of Quantitative Trait Loci (QTL) for frost
tolerance, branching frequency and leaf morphology on a
linkage maap invelving the Fy from the cross £, globulus x
E. gunnii;

« major problems associated with the determination of genetic
parameters from open-pollinated seed were quantified by
comparison with estimates from controlled crosses:

» somatic embryos up fo the globular stage were produced from
. nitens,

« the substantial effects on photosynthesis of sub-fethal frosts in
E. nitens;

+ the effects of pruning on photosynthesis and subsequent
growth appear less severe than previously thought;

« carly fertiliser applications result in little growth response on
some soil types, leading to a re-evaluation of current
operational procedures;

+ a substantially simpler model has been developed to predict
apnual canopy photosynthetic production;

» susceptibility to attack by Chrysophtharta bimaculata was
shown fo be under strong genetic control in E. regnans and
E. nitens;

« 2 major experimental plantation area for vertebrate browsing
research has been established;

» aerial spayving trials have shown the range of droplet size,
dispersion characteristics and application rates of Bacillus
formulations that will kill 95% of early stage C. bimaculara;

+ feeding preferences of C. bimaculata appear related to
patterns of leaf oil production.

The Centre has again had significant imput from a number of
international visitors including Dr Peter Kanowski from the Oxford
Forest Research Imstitute and Professor Alan Berryman from
Washington State University. We have appointed several new staff
including Dr Clare McArthur to lead our vertebrate browsing
project, Dr Allie Muneri to increase our expertise in measuring
wood characteristics and Dr Dorothy Steane to increase our effort
in molecular genetics. The building of a wajor new molecular
biology laboratory was also commenced within the Life Sciences
complex of the University of Tasmania. The CRC’s molecular
genetics group will occupy a substantial component of this
building.

It is with regret that our Visitor, Professor Harold Woolhouse has
vacated his position due to ill health. His replacement is Dr Peter
Nelson who was one of the founding co-directors of the CRC for
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Management

The Board

Structure

Management
Committee

Industry Research
Committee

Hardwood Fibre and Paper Science. This appointment will
maintain the strong links established between the two CRCs,

Board of Management of the CRC (Fig, 1) is comprised of an
independent Chairman, the Director and Deputy Director of the
CRC and the Chief Executive or his representative from cach
participating body. The Board determines policy and sets
guidelines for the efficient running of the Centre.

There has been one change to the Board. The Deputy Director,
Dr Philip West resigned in January 1995 to take up an appointment
as Director of the CRC for Management of Tropical Savannas and
the position remains to be filled,

The Management Structure of the CRC is headed by the Board
and links are depicted in Fig. 2. Operation of the four programs is
directed through three committees: the Management Commitiee,
the Industry Research Committee and the Scientific Review
Committee.

The Management Committee coordinates the day-to-day running
of the CRC and is comprised of the Administrative Officer,
Program Managers, the Director and the Deputy Director.

Mrs Shelley Caswell - Administrative Officer

Prof Jim Reid - Director

Dr Nuno Borralho Genetic Improvement
Program

Mr Robin Cromer - Soil and Stand Management
Program

Dr John Madden - Resource Protection Program

Dr Neil Davidson - Education and Technology

Transfer Program

The Industry Research Committee is comprised of Senior
Research Scientists from all participating organisations and sets the
research priorities for the Centre. This committee is chaired by a
leading industry researcher, Mr Peter Volker from ANM Forest
Management and its members are;

Mr Peter Volker - Silviculture Superintendent,
ANM Forest Management
Dr Humphrey Elliott - Chief, Division of Silvicultural

Research and Development,
Forestry Tasmania
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Br David de Little

Mr Peter Naughton

Mr Philip Whiteman

Prof Jim Reid
Pr Nuno Borralho

Mr Robin Cromer

Dr John Madden

Br Nei! Davidson

Prof Robert Hil}

Research Manager,
North Forest Products

Research and Planning Forester,
Boral Timber

Technical Manager,
Amcor Plantations

Director, CRC

Program Manager,
CRC Genetic Improvement

Program Manager,

CRC Soil and Stand Management
Program Manager,

Hardwood Plantations,

CSIRO Division of Forestry

Program Manager,
CRC Resource Protection

Program Manager,
CRC Bducation and
Technology Transfer

Head of Department, Plant Science
University of Tasmania

The Scientific Review Committee reviews projects in each research

program.

It performs the role of monitoring the quality of the

research conducted at the Centre for the Board and 15 composed of
outside experts in each of the research program areas. Its members

are!

Py Garth Nikles

Br Russell Haines

Dr Lindsay Barton
Browne

Dr Sadanandan
Nambiar

Officer in Charge Tree Breeding,
Queensland Dept of Primary
Industries, Forest Service
{Genetic Improvement)

Director of Primary Industries -
Queensland Forest Services
{Genetic Improvement)

Honorary Fellow, CSIRO
Division of Entomology,
Indooroopilly

{Resource Protection)

Chief Research Scientist,
CS1RO Division of Forestry, Canberra
{Soil and Stand Management)
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Figure 1 Board of Management of the CRC

Professor Him Reid
Birector

o

S

Mr Ken Felion
Comunissioner {Management)
Foresiry Tasmania

Mir Neil Humphieys
General Manager
ANM, Forest Managemeny

My Johin Kerin
Chairman

Professor Pip Hamilton
Pro- Vice Chancellor {Research)
University of Tasmanis

&

Dr (Glen Kile
Chief
CSIRQ, Division of Forestry

@

Mr John Cameron
Banager, Corporate Development
Amcor Paper Group

Dy Phil West
Beputy Direcior
{until Feb 19953

Mr Alan Famieson
Technology Manager
North Forest Products

Mr Ross Waining
General Manager
Boral Timber Tasmania
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Figure 2 Management Structure of the CRC

MANAGEMENT STRUCTURE

Director/
Deputy Director

Scientific Industry
Review Research
Committee Committee

Management

Comimilice

. Education
CGenetic Sgg gsd Resource and
Improvement ) Protection Technology
Program Management Program Transfer

Program Program




8 CRC for Temperate Hardwood Forestry = Annual Report 1984/95

Research

Genetic
Improvement
Program

Michael Baxter making random
selections of scedlings from 250
families for ficld trials on breeding
conducted in conjunction with
Boral Timber.

Program Manager
Dr N Borralho

Objectives

The program aims to achieve gains in plantation productivity by
improving the genetic quality of planting stock. This requires two
major thrusts.

Firstly, economic information must be used to derive appropriate
breeding objectives for the industry and forestry sector in general.
This should be paralleled by a correct understanding of the genetic
control of economically important traits, with a strong emphasis on
wood quality, and the use of appropriate statistical methods and
database management for genetic evaluation of current breeding
populations. These elements form the basis of a successful free
breeding program.

Secondly, once genetically superior material has been identified, it
must be transferred to plantations as quickly as possible either by
seed or by vegetative propagation.

The program also expects to improve our understanding of the
genetics, at the quantitative and molecular levels, in domesticated
and wild populations, the phylogeny of the genus and the ability to
manipulate more effectively the breeding systems for temperate
eucalypts.  This research is vital for the development of more
effective short- and long-term breeding strategies,

Major achievements

The year 1994/1995 has seen substantial progress in achieving
important milestones for the program.

* Two large studies invelving more than 589 families of
E. globulus (with over 70,000 trees measured), and 350 families
of E. nitens (with over 35,000 trees), established across more
than 30 sites in Australia and New Zealand, were completed.
This represents a substantial improvement in our understanding
of the genetic control of growth and the magnitude of the
genotype-environment inferaction for the two most important
temperate eucalypi species in Australia, These estimates are now
being incorporated in the national evaluation schemes for both
species.

= Several other studies, on the inheritance of frost tolerance.
rooting ability, defoliation, wood density, and carly survival.
have been completed.

*+ Pilodyn, a simple device which shoots a pin with a known force
into wood, was confirmed as an effective indirect assessment




Dave Armstrong of Amcor
Plantations using a pilodyn 10
measure wood density.

Sub-program 1
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method for wood density in eucalypts. Studies on the best
sampling procedures were made, As a result, the pilodyn is new
being used as a selection criteria in the E. globulus and E, nitens
breeding programs,

Data for growth and pilodyn measurements from over 100,600
trees of both E. globulus and F, nitens from trials belonging to
the CRC industry partners are stored in a single database. The
Program has now developed appropriate models for the analysis
of these large datasets, based on mixed model (BLUP} methods,
which is pioneering work in forest tree breeding.

A document outlining the expected genetic progress, costs and
recommended structure of a cooperative FE. nitens and
E. globulus breeding program was completed, in coliaboration
with the STBA and the industry partners,

The improved micropropagation procedure developed by
CSIRO and the CRC has been successfully used by one of our
industry partners. We are also obtaining the first results from the
work on sornatic embryogenesis.

The program has strengthened ifs position as a leader of
research in eucalypt genetics and breeding, attracting a growing
number of students, scientists and tree breeders. During
199471995, the program produced a record number of
publications, with 15 refereed papers, 22 coaference papers, two
book chapters and a number of unreferced publications.
Dr Peter Kanowski (recently appointed Professor of Forestry at
the Australian National University) spent three months as a
visiting scientist in the Centre. Mr Peter Kube (Forestry
Tasmania) and Mr Greg Dutkowski (Bunnings Forest Products)
were seconded to the Centre for two months and three weeks,
respectively,  Other visitors to the Centre mcluded Dr Wayne
Tibbits {North Hucalypt Technologies}, Ms Sue Jarvis (Southern
Tree Breeding Association), Mr fan Bail {Centre for Forest Tree
Technology) and Dr Arthur Gilmore (NSW Dept. of Agric.).
The results from these visits contributed significantly to the
development of breeding strategies for E. globulus and
E. nitens.

Genetic Resources

To be successful, tree breeding programs must understand and
use effectively their natural genetic resources, and progressively
improve these via selection and interbreeding of superior trees
to produce planting stock of constantly improving genetic
quality. Research should provide more powerful and fiexible
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Project 1

Leader
Dr N Borralho

Staff

Dr Nuno Borratho

Mr Xianming Wei

Mr Paul Chambers

Mr Andrew MacDonald
Mr Bruce Greaves

Looks belie l1s pedigree. This tree
s highly valued for breeding
purposes because of the high
Egrowzh rate and excellent form of
its progeny,

breeding and deployment strategies, particularly in the
following areas: (i) amount and type of variation in the
population, {ii} which selection strategies to use, (i) the best
mating and testing strategies; and (iv) more efficient turnover of
generations. Four research projects have been established within
this sub-program to address these issues and to explore novel
ways of increasing the economic return to Australian forestry
from breeding programs.

Strategies for breeding and deployment

Ohjectives

The aims of this project are {o!

= define appropriate breeding objectives for sawn timber,
pulpwood and pulp and paper production systems;

+ provide guidelines to optimise breeding and deployment
options for temperate hardwood species, taking account of the
economics of the forestry sector in Australia and the genetic
characteristics of the species;

= provide direct support to industry partners in the
implementation of breeding and deployment programs, so that
resource allocation and benefits from breeding are maximised.

Outeomes

« A breeding plan for E. globulus and E. nitens was completed
(Jarvis and Borralho 1995). The document, a joint CRC-STBA
publication, outlines the major elements of a cooperative
breeding strategy, including a clear definition of the breeding
objectives, a description of the genetic evaluation and the work
plan and costs for the breeding activities (crossing, testing and
assessment). The document also includes a cost-benefit analysis
for the short- and long-term running of the program,

« The us¢ of mixed models in tree breeding results in greater
accuracy of selection of trees across different sites, with different
amounts of information and from different generations
(Borralho 1995, Jarvis ef al. 1993). Project 1 also plays @
leading rofe in training tree breeders through workshops and
seminars. Recent results include the incorporation of native
stand types in analyses (Borratho and Potts 1995), accounting
for thinning in progeny trials and the use of genetic groups 1©
madel provenance effects.
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* A database with diameter and pilodyn measurements and
pedigree information for the large majority of the . globulus
and E. nitens breeding populations growing in Australia is now
running at the CRC, including data on growth and pilodyn from
all our industry partners (MacDonald et af 1995). Additional
data from the New Zealand Forest Research Institute and other
breeding organisations in Chile, Portugal and Spain have also
been included in the database.

« A first deployment objective for tissue cultured clones was
developed, incorporating operational and genetic parameters for
muitiplication rate, rocting and weaning ability (Rasmussen ¢!
al. 1995).

+ As part of his PhD project Bruce Greaves is developing a
general forest and pulp mill production model. This is being
used to determine a breeding objective for chemical pulpwood
production. Economic welghts are derived, based on the impact
of volume production per hectare, wood density, stem
straightness and pulp yield on production costs, {including
establishment, maintenance, harvesting, logging and pulping
costs), Economic weights and selection efficiencies are being
compared for a range of conditions and pulp mill types.

*  An Australian Posigraduate Research Award - Industry {APRA-
I} research project, jointly submitted by the CRC and ANM,
started In February 1995. 1t aims to derive economic weights
for traits of relevance in Australian forestry. Paul Chambers’
PhD project will compare alternative selection schemes, in terms
of their impact on overall profitability, and produce a set of
recommendations for optimising tree selection for pulp and
sawiog production in Ausiralia.

* Individual tree mixed models, using the genetic relationship
hetween all trees, can be used to obfain unbiased estimates of
genetic parameters and predict breeding values in trials that have
been thinned. Xianming Wei's PhD project is looking at the
effectiveness of mixed models in accounting for thinning, using
two E. urophylla progeny trials as case studics. These results
have important implications on how to analyse genetic trials
where silvicultural regimes include thinning. Preliminary work
on the genetic control of growth in these trials has already been
completed {Wel and Borralho 1993).

Goals

+ Compare gains and inbreeding of breeding programs based on
mixed model (BLUP) methods and overlapping generations,
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Project 2

Leader
Ms C Raymond

Staff

Ms Carolyn Raymond
Dr Allie Muneri
Mr Bruce Greaves

with traditional index or family selection, and discrete
generations, bhased on sfochastic simuiations.

+ Continue to improve the statistical models used in the estimation
of genetic parameters and breeding values in forestry, in
particular to account for competition and within-block
enviropmental variability,

« Determine the economic importance of fitness traits such as
survival, frost, drought and disease tolerance, and study the
importance of reproductive traifs, in particular the onset of
flowering, and rooting ability, in current breeding programs.

» Compare alternative deployment strategies for the CRC industry
pariners on E. globulus and E. nitens.

Wood properties

Objectives
The aims of this project are to:

* provide a direct linkage between the CRC for Temperate
Hardwood Forestry and the CRC for Hardwood Fibre and Paper
Science, to allow ideas and new technology to pass between the
centres, in particular regarding the incorporation of wood
properties in breeding programs;

+ determine suitable sampling designs and sampling strategies for
wood property assessments;

* obtain accurate estimates of genefic parameters for wood, fibre
and pulping traits and their correlations with other traits of
economic importance,

Qutcomes

* A study looking at within-tree variation in E. regnans was
completed in collaboration with ANM. Fibre length was found
to be remarkably stable within a tree whereas density was more
variable. The best sampling position was at 15% of total tree
height, closely followed by breast height.

* An innovative sampling method to study the patterns of within-
tree variation in basic density, combining fixed and relative
height, was applied to a series of E. globulus and E. nitens
stands. For E. globulus, wood density at the base of the tree iS
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Dr Allie Muneri
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remarkably stable, across sites and age classes, suggesting a
fixed sampling height is effective. For E. nitens some sHes
prove to have a stable within-tree density distribution whereas
others indicate problems with sampling at a fixed height. For
most trees the correlation between basic density and pilodyn
penetration was extremely high. Some trees, however, showed
aberrant pilodyn readings.

A mechanised tree corer (developed by CSIRO} was shown to be
effective in taking a large number of non-destructive wood
samples from a E. regnans progeny trial.

Preliminary results from Bruce Greaves’ PhD project, from a
E. nitens trial in Gippsland, showed that the correlation between
pilodyn penetration and basic density taken at 1.3 m was strong
(around 0.90) and heritabilities for both pilodyn and density
were very high. On the other hand, genetic correlation with
dlameter was close to zero. Results from this trial will also
provide the first estimates of heritability for Near Infrared
Reflectance Analysis (NIRA) and density at different ages.

Dr Allie Muneri, a wood scientist who recently completed his
PhD at Melbourne University, joined the project as a post-
doctoral fellow i January 1995, He is working with Carolyn
Raymond on the development of appropriate sampling
procedures for assessing fibre and pulp properties,

Goals

*

Continue the study on patterns of within-tree variation across a
range of sites in Australia for Near Infrared Reflectance
Analysis, fibre length, basic density and pilodyn penetration.
This work will be done in collaboration with the CRC HFPS.

Determine suitable non-destructive sampling strategies for
E. globulus and E. nitens.

Determine age-age correlations for NIRA in E. nitens,

Determine the influence of fibre length and basic density on
paper properties of cold soda pulps.
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Project 3

Leader
Dr R Vaillancourt

Siaff

Dr René Vaillancourt
Dr Dorothy Steane
Dr Michele Sale

Ms Katherine Nesbitt
Mr Steve Ogbourne
Mr Peter Bundock

Mr Matthew Hayden
Mr Timothy Eldridge

Dr Dorothy Steane

Molecular genetics

Objectives

In this project we use molecular marker technology to further our
understanding of Eucalyptus genetics. Molecular markers are used
to study quantitative traits, genome organisation, genetic diversity,
phylogeny, breeding systems and to fingerprint clones.

The specific objectives of this project are to:

*

develop genomic and chloroplast DNA markers and show their
cross species usefulness.  This work will lead to a better
understanding of the genetic relationship between species and
provenances.

analyse Quantitative Trait Loci (QTL.), through genome
mapping, to provide knowledge of the inheritance of
quantitative traits such as rooting ability, wood properties,
growth, and flowering time.

use molecular markers to study inbreeding depression and
heterosis, Both of these phenomena have been shown to
significantly affect tree performance in Eucalyprus (Project 4).

attempt to isolate genes involved in the control of vegetative
phase change {the change from juvenile to adult leaves) in
eucalypts using a technigue called differential messenger Ribo
Nucleic Acid (mRNA) display.

Qutcomes

PhD student Michdle Sale (PhD awarded 1995) demonstrated
the uscfulness of DNA markers across many species, by
completing a phylogeny of the genus Eucalyptus using
chioroplast DNA markers (Sale 1995). One important finding
was that the genus Angophora and members of the subgenera
Corymbia and Blakella form a monophyletic group separate
from the other Fucalyptus subgenera.

Katherine Nesbitt, as part of her PhD) project, utilised RAPD
markers to study the pattern of genetic variation in E. globulus
ssp. globulus across its geographical range (Nesbitt et al. 1995).
When genetic variation is partitioned into the components:
locality, regions and subspecies, more than 75% of the genetic
variation in E. globulus can be found within locality which is
consistent with isozyme studies done in other species,




e - -

CRC for Temperate Hardwood Forestry « Annual Report 1994/95 15

The first linkage map ever produced in a Fucalyptus
interspecific Fo cross was completed by Timothy Eldridge and
René Vaillancourt (Vaillancourt et al. 1995). The objective was
to study the genetic control of frost resistance in a cross between
E. globulus x E. gunnii. One marker {U63-695) was
significantly associated with f{rost tolerance, branching
frequency and leaf morphology. A significant proportion of
the variation in frost tolerance (ANOVA RZ=18.5%) was
explained by this marker. An interesting outcome of the project
was that numercus markers with disturbed segregation were
clustered together. We believe that these markers may be linked
to deleterious genes exposed by inbreeding.

No correlatiop was found between genetic distance, calculated
using RAPD markers, and heterosis measured as the specific
combining ability for growth rate of E. globulus ys at two
vears of age. There was also no correlation between the
difference in breeding value between parents and heterosis
(Vaillancourt et al. in prep.).

Steve Ogbourne obtained a first class honours working on the
technigue of mRNA differential display. Numerous differences
were found between adult and juvenile leaf forms. In fact so
many differences were found that it was concluded that using
this technigque it would be difficult to clone the switch genes
controlling the phase transition, although it would allow the
1solation of genes that are differentially expressed.

Goals

Investigation of the phylogenetic relationships within
Eucalyptus series Viminales. Series Viminales includes many of
the commercially important species of Eucalyptus (e.g.
k. globulus, E. nitens, E. dunnii). Restriction site and sequence
data from both the nuclear and chloroplast genomes will be
analysed within a cladistic framework.

Analysis of RAPD from E. globulus data set for its congruence
with morphological and growth data, and completion of a
fingerprinting study of clones using full and half sib families.

Performance of linkage analysis on E. globulus using Fis from
a cross between two King Island parents and investigation of the
cross for the presence of QTLs controlling growth, flowering
time and wood properties (in cooperation with Dr Allie Muneri
of Project 2).

Investigation of the genetic control of rooting ability in two
large families of E, globulus (in collaboration with North
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Project 4
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Mr Paul Tilyard

Emuasculating E. globulus flowers
prior to coatrolied pollination o
produce a cross between fwo high
guality parents,

h—..r.t

Once a controlled pollination has
been performed the fruit is bagged
to prevent any coutamination from
tow quality pollen.

Eucalypt Technologies). Peter is also extending the mapping
project started by Matthew Hayden to include more ¥s.

*+ Investigation of the genetic basis of the segregation distortion in
the Fy of the cross between E. gunnii and E. globulus and of
inbreeding depression in other Eucalyptus species will
determine whether advanced generation hybrid breeding should
be pursued.

Genetic parameters

Objectives
This project specifically aims to!

= provide fundamental information on quantitative genetic
variation and genetic parameters for traits of economic and
biological importance in pure species;

* compare the accuracy of genetic parameters and breeding
values derived from open-pollinated progenies with those from
controlled-poliinated progenies;

* provide the biological and genetic information necessary to
assess the role of interspecific hybrids in eucalypt breeding.
The CRC has brought together one of the largest ever
collections of pedigreed interspecific hybrids of Eucalyptus.

Outcomes

+ Thirteen races of E. globulus ssp. globulus have been identified
based on geographic distribution and the growth responses of
432 open-pollinated families on five sites in Northern Tasmania
(Jordan et al. 1994). This racial classification has been used in
genetic models for estimating genetic parameters (Borralho ¢f
al. 19953 and breeding values {(Jarvis er 4/, {993), and o
provide a framework for in simm conservation of the genetic
resource (fordan er af. 1955),

* Genetic parameters have been estimated using mixed model
methodology for a wide range of traits in £. globulus, E. nitens
and E. regnans, including insect damage (Raymond 1994),
growth (Potts and Jordan 1994, Borralho et af. 1995}, survival
(Chambers ez al. 1995), frost resistance (Volker er af. 1994).
Mycosphaerella damage (Dungey ef af, 1995}, MNowering fime
(Gore and Potts 1995), and hardwood cuttings (England and
Borralho 1995) and in vitro cloning ability (Rasmmussen e ol
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1995y, Heritabilities were generally low to moderate but
indicated sufficient additive genetic variation for selection -of
Most fralfs.

Genetic correlations for the growth of open-pollinated families
of E. globulus in the major planting esfates in Australia range
from 0.6 10 0.85 for growth (Borralho et af. 1995) and 0.16 to
.92 for survival (Chambers ef ¢l. 1995). For growth al least,
site X genotype interactions did not appear to be sufficiently
large to warrant regionalisation of breeding programs.

A major analysis of genetic parameters for growth in base
population trials of E. nitens from both Australia and New
Zealand has been completed by Peter Kube in collaboration
with the Southern Tree Breeding Association (STBA).

For E. globulus, we have shown that genetic parameters for two-
year growth estimated from families derived from open-
pollinated (OP} seed collected from native stands were poorly
associated with more accurafe estimates from controlied crossing
{Hodge er al. 1995; Potts er . 1995), OP heritability estimates
were highly inflated, site x genotype interactions
underestimated, and parental breeding values poorly correlated
with those derived from controlled crossing.  Similar
conclusions have been reached for later age growth in
E. regnany (Hardner and Potts 1995),

In collaboration with the STBA, pilodyn assessments of North
Forest Products base population frials of E. globulus have been
completed.

A review of eucalypt genetics and genecology has been
completed (Potts and Wilishire 19953)

Rick Hand has completed a major grafting experiment
examining the response of E. nitens, E. globulus and their Fy
hybrid scions to a variety of E. globulus and E. nitens stocks.
Grafts are being field planted to examine long-term
compatibility.

An advanced generation E, nifens X globulus hybrid crossing
program has been harvested (143 families) and, in collaboration
with Peter Naughton of Boral Timber, families are being grown
to establish trials on three sites,

In her PhD project, Heidi Dungey has demonstrated higher
insect pest abundance and diversity occurs on natural eucalypt
hybrids of E. risdonii x amygdalina than on the pure species,
This pattern has persisted in an experimental frial, suggesting
hybrids are more susceptible to a greater range of pests than
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pure species (Dungey ef al. 1994), Greater leaf damage due {o
Mycosphaerella spp. has been observed in juvenile but not adult
leaves of E. nitens x globulus hybrids (Dungey er al. 1995),
Fungal and insect loads in hybrid trials are currently being
analysed,

* In his PhD project, Peter Volker is comparing genetic
parameters derived from open-pollinated progenies and
controlied crosses of E. globulus and E. nitens and their hybrid
across sites, and addresses strategies for hybrid breeding. Peter
has completed the analysis of seedling frost resistance (Volker et
al. 1994) and is working on the analysis of four-year growth
data (Volker 1995),

Goals

+ Complete across-site analyses of CSIRO controlled crosses of
E. globulus, E. nitens and their hybrids for four-year growth.

* Complete studies of the genetic control of vegetative and
reproductive phase change in E. globulus and E. nitens.

* Hstimate genetic parameters and patterns of variation in pilodyn
penetration in the £. globulus base population,

+ Hstablish advanced generation E. nitens x globulus hybrid trials
and an arboretum for grandparents,

Sub-program 2 Propagation Strategies

For any benefit to accrue from breeding, the best material must be
transferred into operational forestry as quickly as possible, either
by seed or by clonal forestry., The latter offers the most rapid
means of capturing genetic gains, providing cheap and robust
vegetative propagation methodologies are available. Alternatively,
management of seed orchards can be improved by anticipating the
onset of flowering and increasing the seed crops. Two projects
have been established in this sub-program to address these options.
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Vegetative propagation of selected genotypes -

Objectives

Vegetative propagation of elite genotypes enables managers to
plant superior trees in their plantations sooner than by using
seedlings. To do this robust and reliable techniques must be
developed that enable the production of large numbers of clones.

Research in this project is concentrating on developing cheap and
robust techniques of vegetative propagation by micropropagation
and by micro-cuttings, and on developing cheaper alternatives such
as somatic embryogenesis.

The project has two primary objectives:

+ totest an Improved Micropropagation Procedure (IMP)

IMP which is proprietary inteliectual property of CSIRO, is
being evaluated by Nerth Eucalypt Technologies at Ridgley.
Joint experiments in laboratories at Hobart and Ridgley will
compare IMP to conventional micropropagation and modify
IMP for commercial development.  Selected genotypes of
E nitens and E. globulus from other industry partners will be
evaluated under commercial conditions after these joint
experiments are completed.

* to develop somatic embryogenesis in temperate eucalypts
Somatic embryogenesis 1 the production of embryo-like
propagules from vegetative tissues. If somatic embryos can be
produced from vegetative tissues in simple Hquid media with the
minimum of handling then this will enable clones of temperate
eucalypis to be produced cheaper than alternative technigues of
vegetative propagation,

Outcomes

« IMP has been shown to be superior to conventional
micropropagation and is now routinely used for the
maintenance of all clones of temperate eucalypts in the Hobart
laboratory.

» IMP has proved beneficial in the micropropagation of several
families of E. nitens in the laboratory of North Hucalyps
Technologies,

+ Modifications to IMP in the basal medium and container design
have improved shoot health, growth and subsequent rooting.
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Project 6
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Dr Omar Hasan

Mr Craig Hardner

Ms Alexandra Mitchelf
Ms Ria Matysek

Mr Peter Gore

+ Theoretical studies have shown that vegetative propagation of
superior control pollinated families (family multiplication} i
unlikely to be a viable economic option for temperate eucalypts.
The current technigues of vegetative propagation are too
expensive and gains at the family level can be readily achieved
through clonal seed orchards.

* Somatic embryos up to the globular stage were produced in a
hguid medium {rom one family of E. nitens but development
beyond the globular stage has only occurred in isolated cases,
Research is concentrating on the initiation of somatic embryos
and the further development of globular somatic embryos into
plants.

Goals

» To develop cheap and robust methods of micropropagation and
somatic embryogenesis for temperate cucalypts aimed at
commercial production of clones from outstanding individual
trees (gains at the clonal level).

+ Determine the level of genetic and phenotypic variation in
propagules derived from somatic embryos.

+ Transfer technology for vegetative propagation to laboratories
of industry partaers and to commercial tissue culture
iaboratories (under hcence).

Breeding systems and development

Objectives

The project is conducting work in three areas.

+ It aims to gain an understanding of the control of flowering in
E. globulus and E. nirens, particularly in relation to hormonal
signalling and its role in promoting flowering and the effects of
environmental and seasonal factors. This knowledge will be
utilised in the optimisation of chemical and environmental
regimes which will be capable of inducing early flowering i
seedling material, and increased flowering and hence seed
production in seedling or grafted seed orchards,

+ The hormone analysis techniques developed for the first aim
will be used to determine the roles of hormones in the control of
the meristematic activity of the vascular cambium. This may
allow us to gain an understanding of the control of fibre
production.
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Work on inbreeding will focus on the factors affecting the
population consequences of non-random mating. The aim is.t0
determine factors affecting the breeding system and how
inbreeding in open-pollinated seed lots may affect the
estimation of genetic parameters, the prediction and capture of
genetic gain, and the management of breeding populations.

Outcomes

Paclobutrazol application to young piantation trees resuited in
substantially reduced levels of the precursors of GAy such as
GAie and GAjyg. However, GA; levels were not dramatically
affected even after six months, indicating a strong homeostasis
in GA; levels, This is presumably controlied by a feedback
system similar to those identified in herbaceous dicots.

In coilaboration with the CRC for Hardwood Fibre and Paper
Science, wood from paclobutrazol-treated E. nirens trees was
found to differ from equivalent nom-treated material, with a
higher proportion of vessels present in the former. Average
fibre lengths in paclobutrazol-treated wood were also generally
found to be greater.

A tentative pathway for paclobutrazol catabolisma has been
formulated and microorganisms capable of metabolising
paclobutrazol have been isolated from soils and identified to
genus level.

Studies of selfed, outcrossed and open-pollinated (OP)
progenies of E. regnans over a 15-year period have shown that
failure to account for the differentially higher mortality of
inbreds will underestimate inbreeding depression. In addition,
heritability of OP families was inflated at three and four years
but declined with age to converge with an increasing heritability
estimated from outcrosses. This may be due to intensified
competition. However, the correlation between OP parental
effects and breeding values were only significant up to four
vears. The results suggest that cautious use should be made of
OP families in eucalypt tree breeding programs, particularly
after the start of competition,

Fourteen thousand seedlings have been grown for the
establishment of trials to determine the effect of (i) inbreeding
effects at different levels of coancestry, (ii) the relationship
between breeding value, open pollinated family and seif
performance, and (iii} the inheritance of self infertility. The
seed was collected in late 1994 and a field trial will be
established in mid 1995 on at least two different sites for each
experiment.
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Goals

* Determine the effectiveness of alternative growth retardants on
flowering in order to find less persistent methods of controlling
flowering than offered by paclobutrazol and to determine if
promotion of flowering is solely a result of reduced growth.

» Consolidate the data so far obtained on the levels of hormones
in the cambial region of E. nitens by using inhibitors of
gibberellin biosynthesis o reduce endogenous gibberellin levels
and investigate the direct effects on fibre attributes,

» Determine changes in hormone levels associated with flower
initiation and other developmental processes associated with
changing environmental factors by examining seasonal changes
in the hormonal status of apical leaf tissne.

* Determine the seasonal patterns of flowering phenology in
E. globulus.

* Determine the influence of stand structure on ouicrossing rate
using isozyme markers.

+ Assess the effect of proximity dependent crossing on the growth
of two- to four-year-old E. globulus seedlings.

* Determine the importance and dynamics of post-digpersal
selection against inbred progeny in E. regnans.

* Determine aliozyme variation and outcrossing rate in natural
populations of E. globulus.

* Examine factors affecting the breeding system of E. globulus
and determine the impact of variation in the breeding system on
progeny performance.

Soil and Stand | Program Manager
Management | MrR Cromer
Program
Objectives
The aims of this program are to enhance the yield and quality of
wood and fibre from hardwood plantations and forests through
sitvicultural strategies that are economically and environmentally

sustainable. To fulfil these objectives, the research program has
three main thrusts:
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+ define the physiological processes which control the uptake and
loss of carbon (through photosynthesis and respiration} and
uptake and loss of water through the transpiration stream;

» develop an understanding of nutrient uptake through the soil-
root interface including the accumulation and cycling of
nutrients and carbon through organic matter;

« develop process-based simulation models which integrate our
understanding of these processes and enable prediction of
alternative strategies for plantation location or silvicultural
treatments,

The four projects of the program address these three research areas
in the context of sustainable productivity and improving the
international competitiveness of Australian forest industries.

Major achievements

« Photosynthesis in E. nitens is reduced for one to two days
following night-time frosts that do not cause visible cell damage.
This has implications for productivity of plantations located at
high elevations.

+ Photosynthesis of remaining foliage increases substantiaily
following pruning of E. aitens trees to more than 50% of crown
height. Further growth reduction arising from pruning is less
severe than expected based on leaf area loss. This supports the
concept of pruning £. nifens in plantations to produce
hardwood timber free of knots.

*+ A model of canopy conductance has been developed for
irrigated E. globulus and E. nitens plantations which explains
T0% of observed variation.

* A strong allometric relationship between btomass of coarse roots
and stem volume was observed in one to two-year-old E. nitens.

« Site cultivation before planting inmitially favoured rooting
density, but after two years, rooting densities within and outside
zones of cultivation were similar.

* Improved methods have been developed to determine organic
matter content and concentrations of nutrients in soil solution
that enhance our ability fo identify and ameliorate sites of low
fertility.

* A new and substantially simpler model system has been
developed to predict annual canopy photosynthetic production
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Fig. 1 Predicted versus observed
transpiration for the upper, middie
and lower third of the canopy of E.
globulus, a) assuming perfect
coupling and b) taking account of
decoupling {ic different humidity
environments within the canopy).
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in relation to nutrient status and temperature. A technique has
also been developed to couple this model to a soil water balance
model.

+ [Important links were established with other research groups in
nitrogen nutrition during a workshop held on 19 June 1995 in
which results from current research on mitrogen mineralisation
in forests were presented to our industry partaers.

Plant production and water use

Objectives

This project investigates the photosynthetic and water-use
characteristics of temperate eucalypts used in hardwood forestry,
particularly E. globulus and E. nitens. Photosynthesis and water-
use are being studied in relation to nutrient and water availability,
temperature, light intensity, leaf area index and canopy
development, pruning strategy, and competition, in stands managed
for pulpwood, sawn timber and veneer,

Qutcomes

*» Studies on chilling injury conducted in high altitude plantations
of E. nitens showed night-time frosts of -3 to -7.5°C reduce
photosynthesis the following day by 15-20% and may reduce
annual productivity of these stands by 1-7%. Further, the
chilling injury to E. nitens appeared to be caused by frost alone
and did not require the additional stress of high light intensities
{Davidson er al, 1995).

* In his PhD project Don White has developed a model which
explains 70% of the observed variation in stomatal conductance
(gg) of leaves from the upper crowns of irrigated E. globulus
and E. nitens. The model is driven by solar radiation (Q), air
temperature {T) and vapour pressure deficit of the air (D).

* Studies conducted by Don White on three canopy layers (fower,
middle and upper) have also shown that, under some
circumstances, the canopy conductance {and transpiration) of
E. globulus may be weakly coupled to the prevailing
atmospheric conditions (Fig. 1), such that beneath the canopy of
a plantation the air can be quite humid, even on days of low
atmospheric humidity,

* PhD student Mark Hunt is investigating the competition between

E. nitens and Acacia dealbata in plantations in north-eastern
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Tasmania where it is thought the presence of A. dealbata is
reducing the productivity of plantations, Measurements of the
transpiration rates and water potentials during the unusuaily dry
1994/95 summer demonstrated that the minor water deficits
developed in five- to six-year-old plantations were not sufficient
to explain the observed effects on growth,

Libby Pinkard in her PhD project demonstrated that pruning
trees to 50-70% of green crown height caused a significant
increase in photosynthetic rate in the remaining foliage. The
increase in photosynthetic rates started to become evident
approximately six weeks after pruning in the oldest remaining
leaves in each tree (Pinkard er af. 1995). The effect then
progressively became greater and spread throughout the crown
in the period 6-12 months after pruning. A similar effect was
produced over a much shorter time frame by pruning potted
seedlings. The reduction in tree growth was less than might be
expected based on the removal of leaf area, and only in the 70%
frees were growth rates significantly lower thas controls.

Honours student Joanne Dingle showed that the salt telerance of
E. globulus families was related fo the site origin of their seed.
Coastal beach-side populations of E. globulus were more salt
tolerant than coastal cliff-top popualations which, in turn, were
more salt tolerant than inland populations. The effects were
farge and significant for maximum rate of photosynthesis (Fig.
2} but non-significant for height growth and blomass.

Goals

Investigate the long-term effects of chilling injury on the
productivity of E. nitens. A frost chamber study will be
conducted to test whether chifling injury affects the carbon
allocation within frees, which in turn may influence the capacity
of trees to grow rapidly in the following spring.

Identify physiological characters in E. globulus tamilies that are
indicative of drought resistance and can be used to screen
planting stock destined for drought-prone sites in coligboration
with Bunaings Treefarms, and in a more general stody,
investigate the mechanisms of drought tolerance in cucalypts {a
PhD project just commenced by Michele Richter).

incorporate water stress as a function in a canopy conductance
model, then use the canopy conductance model to simulate
transpiration in irrigated and water-limited . globulus and
E. nitens plantations.
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Fig. 3 Total above-ground biomass
produced atf 21 months over three
sites. Fertiliser frealments were
{N:P, kg ha-1):
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+ Continue the investigation of the competition between E. nitens
and A. dealbara in plantations by concentrating on growth,
biomass partitioning and competition for light. Commence

research on other aspects of weed competition with plantation

eucalypts (in collaboration with Project 2}.

Identify the mechanism determining photosynthetic responses
to pruning, starting with an investigation of foliar starch
concentrations and the amount of starch stored in stems and
roots.

Dynamics of carbon and nutrients

Objectives
The aims of this project are to:

* tinvestigate the accumulation, allocation and cycling of carbon
and nutrients in plantations of E. nirens and E. globulus,
particularly in response to nutrient availability;

* determine the partitioning of biomass and nutrients to roots;

* identify specific nutrient deficiency or toxicity problems that
become evident in plantations.

A major function of this project has also been to establish and
maintain a set of nutrition experiments that provide field research
sites for several projects. Five fertiliser experiments have been
established on representative but contrasting sites (in soils and
climate), in coliaboration with Australian Newsptint Mills (ANM),
North Forest Products (NFP} and Boral Timber (BT).

Outcomes

* Major differences in accumulated biomass were evident between
the three sites after 21 months. Tree growth was most rapid at
Westfield (ANM, 430 m elevation), slowest at Middlesex (NFP,
600 m elevation) and intermediate at Nabowla (BT, 100-240 m
¢levation). Growth increased with increasing rate of applied
fertiliser on the duplex soils at Nabowla (£. globulus) but there
was no response in E. nitens on the other soil types (Fig. &
Cromer et af. 1995),

= Concentrations of N and P in the foliage of trees that did not
receive fertiliser differed significantly among sites at 21 months-
Highest concentrations were at Middlesex, followed by Westfield
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{at both these sites no fertiliser response occurred}, with lowest
concentrations at Nabowla where substantial responses occurred
{Figs. 4a and 4b). Fertiliser treatmen{ increased nutrient
concentrations in some above-ground biomass components,

vig. 4 Concentrations of a) particularly P in foliage at Nabowla and to a lesser extent at
Nitrogen and Phosphems‘.m Westficld.

foliage of trees at threc sites
without fertiliser treatment). ‘ . ‘
{ » There was no consistent effect of increased rates of applied
3) fertiliser on the mass density of roots at 10 or 21 meonths

R {Westfield).
Nitrogen {%} |

» Estimation of total root biomass per upit ground surface area is

difficuit and prone to error when spatial variation in root
05 distribution is significant. In this study, spatial variation in
distribution of roofs was high {concentrated along cultivation
iines} at 10 months byt not significant at 21 months, which
mitially led to an over-estimate of root biomass of single trees

&

m Nabow b g Westfisld (- Middiesex

b) {published in the previous annual report).
i ’ ’ , .
Phosphorus (%) = A strong allometric relationship was found between coarse root
10 biomass and stem volume that was independent of age and
fertiliser treatment at Westfield (Fig. 5) which will improve
5 estimation of coarse roots without the need for extensive
. harvesting of roots.
40 -
m Nabow la g Westfield r Middiesex * Potential sources of error in determining nutrient status of

E. nitens roots due to processing and storage have been
identified and improved procedures introduced (Misra 1994).
Concentrations of N and P in roots at 21 months increased with

Fig. 8 Relationship between tree
volume and mass of coarse roots
£ 3 mm) for E. nitens at Westfield

(D = diameter at 15 cm, H = tree increasing amounts of fertiliser.

height)

Mm E Ry Ta— Goals

= | W TEE TS (31 manthsh | . . \

% «F * Compare biomass accumulation in above-ground components

4 / of trees at the three experimental sites, during the first three

g N /‘4 years after planting.

& |

3 sl = * Analyse nutrients from third year of sampling and evaluate
O we ww , ows  wom differences in rate of nutrient accumulation and allocation over

3 Kl -
Tree vakme (DA, o) fertiliser treatments and sites.

+ Compare accumulation of biomass and nutrients in roots of
E. nitens across several nutrient treatments at one experimental
site for the first three years after planting.

*  Hvaluate effect of fertiliser treatmenis on tree form of £ nitens.
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ras

Dr Wendy Wang sieving air dried
soil prior {o analysis for N mineral-
isation.

Nuirient supply and acquisition

Objectives
The goals of the project are to:

* determine characteristics of nutrient supply and acquisition,
particularly for nitrogen (N) and phosphorus (P}, that will [
provide opportunities to improve the rnutritional management
and productivity of hardwood plantations;

» determine temporal variation in the availability of N and P from
soils under fertiliser treatments at several sites and to relate these
to tree growth and nutrient uptake;

+ characterise rooting density to permit prediction of nutrient
uptake;

» determine the response of eucalypt roots to soil strength and the
ameliorative effect of cultivation;

+ study loss of soil and nutrients through erosion results from the
impact of rain and runoff.

Outcomes

* A paste method has been developed to estimate concentrations
of nutrients in soil solution in all soils, even where soil water
content is too low to enable extraction by traditional methods.

+ The simple method of loss-on-ignition was shown to be a good
method for measurement of organic carbon in soils when
compared with more accurate, but fess convenient, methods for &
range of egcalypt plantation soils.

+ Concentrations of nutrients measured at root surfaces agreed
with conventional measures of fertility at two field sites (Table 1
Cromer er al. 1995). Dual measures of fertility of this type
improves our ability to identify and ameliorate low fertifity sifes.

+ Basalt soils which previously supported native forest, either openl
E. delegatensis forest or closed, mixed eucalypt-myrtle forost
were found to have intermediate potential for N mineralisatio?
between pasture sites (highest) and those which ]:lr':vit:l'ﬂ-ﬁi)’
supported Pinus radiata (lowest). These differences were
unrelated o concentrations of organic matter, but rather 10
concenirations of total N and C:N ratio. Hence, there muy be
scope for taitloring N management strategies to broad classes ©
previous vegetation.
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Westfield Nabowla

Common Soil Indicators i
Parent Material Siltstone Sandstone
pH(1:5 soil:water) 3.0 5.2
EC (dS m‘i) 0.08 0.04
Cw&B (mgg) 60 17
Total N (mg g"l) 5.5 0.8
C:N ratio 10 22
Available PBray2 (g 7)) 44 2

P buffer power 1700 200
Concentrations at Root

Surface

NHg (mM) 0.49 0.19
NO3 (mM) 4.33 0.002
PO4 (M) 0.5 0.02
Trees Heights @ 21 Months

()

Control 3.2 1.1
Fertilized 3.5 3.5

pH
Fe

ammeonium

P buffer power

‘Fable 1, Traditional and root surface indicators of N and P fertility
in refation to tree growth to corbined NP fertilization.

Key to abbreviations

pH of a 1.5 soil:water suspension

electrical conductivity of a 1:5 soil;water
suspension

Carbon concentration by Wilkley and
Black Method

Total nitrogen concentration by acid
digestion

ratio of carbon 1o nitrogen
Phosphorous concentration by Bray and

Kurtz No 2 method (acidified
flouride extraction)

by 17 hour equilibration
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Fig. 6 Vaniations in the leagths of
the primary roots including the
iateral axes with variation in soi
strength {penctrometer resisfance)
for 17-day old E. nitens seedlings.
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Fig. 7 Spatial distribution of soil
strength (penetrometer resistance}
at an eucalypt plantation site (near
Bover) 4 weeks before cultivation,
and within and between rows afler
cuitivation.
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Goals

Cultivation favoured early root growth, but after two years,
rooting densities within and outside the zone of cultivation were
similar, Two years after planting, {ine root density in surface soil
(0-10 c¢m} was considerably higher than in P. radiaa
plantations of comparable age (1.8 compared with 0.08 cm™).

An analysis of published data indicated that the critical value of
bulk density for root growth is 1.1-1.2 Mg m™ and that of
penetrometer resistance is 2-3 MPa for soils with >60% clay,
Although Ilaboratory studies on root growth of E. nirens
seedlings showed a reduction of about 75% in the length of the
primary root axis with an increase in penstrometer resistance
from 0.5 1o 4 MPa, root growth continued in soils of high
strength (Fig. 6).

At a plantation site near Dover, differences in soil strength
{penetrometer resistance) in cultivated (within rows) and
uncultivated {between rows) sites were significant within the top
350 mm of the soil (Fig. 7).

A portable rainfall simulator has been tested in the field and
equipment to study erosion has been developed.

Continue detailed investigations of soil solutions as indicators of
nutrient avatlability {a project to be conducied under an
Australian Postgraduate Award - Indastry, in collaboration with
University of Tasmania and North BEuacalypt Technologies).

Complete measurements of N mineralisation at four sites, which
will define the seasonzlity and annual rates of N supply in
relation to tree requirements,

Evaluate the accuracy of available models for predicting N
mineralisation, in collaboration with CSIRO Division of
Forestry.

Initiate a study on N mineralisation in basalt soils (a project to
be conducted under an Australian Posigraduate Award -
Industry in collaboration with University of Tasmania and North
Eucalypt Technologies).

Initiate a study on the mechanisms of competition between
weeds and trees under a grant from Land and Water Resources
Research and Development Corporation in coliaboration with
the University of Tasmania and a consortium of forest
industries.
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Leader
Dr P Sands

Staff
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-

» Determine fine and coarse root growth in response to combined
N and P application in three-year-old trees at the Westfield site.

« FExamine root growth of E. nitens in response to different soii
strengthy in the presence and absence of channels provided by
decomposing roots.

»  Quantify changes in soil strength and root growth with age of
plantation.

= Continue studies of erosion processes in the PhD program of
Paulina Teixeira.

Modelling plantation systems

Objectives

This project aims to integrate the work of other projects into
models which describe plantation growth. ‘The models produced
will provide industry with tools to predict forest wood yields under
a variety of management regimes and environmental
circumstances.

QOutcomes

e A simple model has been developed for estimating daily canopy
photosynthesis from standard daily meteorological data and
parameters characterising the single-ieaf light response curve
{Sands 1995a, 1995b).

* A technique for coupling the canopy production model to a soil
water balance model has been developed which will allow effects
of soil-water status on photosynthesis to be taken into account,

+  S-system models are well suited where processes in a system are
poorly undesstood or their mechanisms unknown, The use of S-
system models is being explored in a forestry context (Voit and
Sands 1995a, 1995b) and a technique which uses the particular
structure of an S-system to facilitate the estimation of the
parameters in S-system models has been developed.

+ Measurement of elasticity in a 70-year-old eucalypt stem
suggests sapwood elasticity is independent of height, but
heartwood elasticity varies with both height and physiological
age of the heartwood.
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* A review of current models of cambial activity in conifers and
the possible generalisation of these to eucalypts has been
conducted (Sands 1995¢).

Goals

* Validate the coupling of the canopy production model to a soil-
water balance model using data collected from a local
experimental site (in collaboration with Project 1},

= Apply the canopy production model in conjunction with a
Tasmanian meteorological database to predict potential
production at a wide range of sites.

» Include nutrient cycling in a simple S-system model of foress
growth.

+ investigate the biomechanics of the stems of living trees {e.g. the
variation of elasticity within the stem of a living tree and the
relationship of elasticity to other wood properties) in a PhD
proiect commenced by Sarah Wall.

¢ Model cambial activity and pulp wood quality. The properties
of paper are largely the result of the geometrical and
mechanical properties of wood fibres formed as the result of
cambial activity and xylem formation. The project will
investigate the cambial activity in a PhD project commenced by
Susan Lennon.

Resource | Program Manager
Protection | PrJMadden

Program
Objectives

The Resource Protection Program endeavours fo increase the
understanding and knowledge of existing and potential pests of
hardwood forest frees; their biclogy, behaviour, ecology and
potential impact on the viability of plantation and natural
hardwood forests.

A review of progress over the first three vears of the CRC has
provided new insights into old problems and new directions for
future research.




Chrysophtharta bimaculata on an
E. regnans leaf.

Project 1

Leader
Dr J Madden

Staff

Dr John Madden

Or Anthony Clarke

Mr Bradley Howlett
Mr Mark Van den Berg
Mr Stephen Paterson
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Major achievements

« Aerial spraying trials have demonsirated the range of droplet
size, dispersion characteristics and application rate of undiluted
Bacilluy thuringiensis var. tenebrionis formulations that will kill
95% of carly stage Chrysophtharta bimaculata larvae.

For three successive years specific and heavy attack by
C. bimaculata occurred in two small blocks of E. regrans that
were located adjacent to a . nitens plantation. It is considered
that the two E. regnans plots successfully diverted beetle atfack
from the E. nitens which carried little damage. Collectively,
E. regnans trees represented only 1.6% of the total number of
trees.

Susceptibility to attack by C. bimaculara was shown to be under
strong genetic control with heritabilities of 0.3 and 0.4 for
E. regnans and E. nitens, respectively.

Predator species have been aggregated in large numbers in areas
in which the foliage of trees (E. regnans) has been sprayed with
sugar solutions or raw sugar provided in weather-proof feeding
stations. Surveys to record the incidence of predators feeding
on flowering or insect-infested native shrubs have been
conducted and various diets assessed,

The vertebrate browsing proiect within the program has been
strengthened with the appointment of Dr Clare McArthur (post-
doctoral fellow} as leader of the project. Further, Dr Michael
Statham of the DPIF has been appointed Honorary Research
Associate to the program. He has considerable experience in a
wide range of options for controlfexciusion of vertebrate
browsers.

Leaf and tree factors influencing host location
and attack by insects

Objectives

This project aims to identify tree and environmental factors that
influence:

(i) host tree selection, feeding and oviposition behaviour of adult
C. bimaculata, and

(11) survival and growth rates of C, bimaculata larvae.

By understanding the physical and chemical characteristics of
eucalypts which influence tree selection and acceptance by leaf-
beetles, we increase our understanding of the role of these gualities
in affecting tree susceptibility or resistance to insect attack and so




34

CRC for Temperate Hardwood Forestry » Annual Heport 1894/95

may be able 1o identify specific resistance mechanisms. It is then
possibie fo use this information to evaluate the potential of
developing non-preferred or resistant trees for commercial use.

Qutcomes

+ In eucalypts, leaf oil characteristics are affected by genotype,
leaf development and site. Qualitative variation in oils between
tree species and hybrids has been shown to be determined by
genotype, whereas variation in the quantity of cil was influenced
by season, leafl age and site (Li er al. 1994; Li and Madden
1995).

* Susceptibility to defoliation by C. bimaculata was shown to be
under moderate to strong genetic control in E. regnans and
E. nitens (h? of 0,3 and 0.4 respectively). For E. regnans
families, levels of defoliation were repeatable across sites and
years {Raymond 1995).

+ Specific attack on two small blocks of E. regnans on the
perimeter of a large stand of E. nitens was recorded for the three
successive seasons. E. regnans made up only 1.25% of the total
namber of trees. This preferential attack is being tested
experimentally and could be deployed as a practical form of
control and/or monitoring system within E. nitens plantations
(Madden er al. 1994),

Goals

* Focus research attention on documenting the seasonal
phenology of tree growth, leaf colour change and insect attack.

* Increase research aimed at determining the optimum tree species
and planting configuration for the development of
commercially acceptable trap-tree trials,

+ Assess the survival and dispersal behaviour of first stage
C. bimaculata larvae,
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Control of insect defoliators

Objectives

The objective of this project is to refine the Integrated Pest
Management (IPM) strategy currently used to monitor and protect
Tasmania's forest plantations from defoliation by leaf beetles. The
main research directions are to;

L]

assess the impact of populations of leaf beetles, C. bimaculata,
on growth of E. aitens and E. regnans so that an economic
injury level can be determined and thus an economic basis for
applying control measures can be established;

evaluate the most effective and environmentally acceptable
methods for controlling leaf beetles;

increase our understanding of the biology and behaviour of
C. bimaculata and its natural enemies,

QOutcomes

&*

After six years of an insect exclusion experiment, E. regnans
trees regularly defoliated by insects grew more slowly than
protected trees. As a result, the average diameter (DBHOB) of
defoliated trees was 9 cm compared to 14 ¢m for controls, and
height of defoliated trees was 10 m compared to 13 m for
protected trees (Candy ef al. 1994; Elek er al. 1995).

A laboratory study on the feeding efficiencies of C. bimaculata
larvae on E. nitens and E. regnans was completed and analysis
started. Preliminary results suggest that C. bimagculata feed more
efficiently on E. nitens.

Aerial spray trials successfully delivered the ranges of droplet
sizes and densities of undiluted Bacillus thuringiensis var.
tenebrionis (Bity that were recommended from wind tunnel tests.
Brt sprayed in the field at four Vha killed §1%, six Vha killed
83% and 12 i/ha killed 95% of eggs and first and second instar
C. bimaculgta larvae, In laboratory tests, four I/ha Bir killed 98%
of first, 24% of second but only 10% of third instar larvae, while
12 1/ha killed 97% of first, 34% of second and 21% of third
mnstar larvae.

In laboratory trials, Btf was shown to be non-toxic to two lady-
bird predators of C. bimaculata, but adversely affected
longevity of a third predator, Chauliognathus lugubris (Greener
and Candy 1994, 1995).
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* The availability of alternative food sources (i.e. psyllids, SUCTDge

[ 20-160 ; ; 3 i ;
sprays) have been implicated in the localised increase i,
M 50.120 predatory insect numbers (Mensah and Madden 1994), The
B 40-80 importance of such food resources in the population dynamies
1 oo of C. bimaculata predators is a focus of continued investigation,
S | » The spatial and temporal patchiness of C. bimaculata aduly
L] 300-400 populations has been quantified. Adult populations of the
™ 200300 beetle appear to occur commeonly in locally dense aggregations

B 100200 and are highly mobile (Fig 8; Clarke er al, 1995a,b).
L 0-100 * E. regnans and E. delegatensis, species that are more attractive
o to leaf beetles than E. nitens, have been interplanted as trap trees
[ 240320 fo test whether they will reduce the level of defoliation of
B 16040 E. nitens. The trees are still (oo young to assess, but preliminary
observations at Gould's Block, near Dover, suggests that this may

80-160 be an effective control method (Madden ef al. 1994),

[loso
— * The implications of genetic variation in natural enemies and its
Fig. 8 Trap Catch role in biological control have been reviewed (Clarke and Walter
Spatial paiterns of beetie abun- 1995),

dance in a {2 ha forest coupe as
measured using a 30m grid of

yellow sticky traps * A short critiqgue on the difficulties, rather than benefits,

associated with running an IPM program in forestry has been
published (Clarke 1995).

{roals

* Continue the E. regnans insect exclusion trial and establish a
similar trial for E. nitens to determine the longer-term effects of
insect defoliation,

* Complete artificial defoliation trials designed to relate level of
defoliation to growth rate,

* Countinue monitoring growth and form of thinned and pruned
trees to determine importance of insect attack in various
sitviculture regimes,

* Incorporate field data into a growth model to estimate the
economic injury level and the threshold levels of leaf beetle
populations that determine the need to instigate control in the
IPM strategy.

* Determine the optimum sampiing scheme for estimating
threshold levels of leaf beetles and so refine the moniforing
system used in the IPM strategy.
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+ To improve the efficacy of B, refine testing methods and
timing of application, and monitor Bir's degree of control for
different ficld-densities of leaf bectles and predator populations.

* In laboratory tests, assessi the dose-response of different age
iarvae and determine the minimum droplet size that will deliver
a lethal dose.

* Continue research on the potential for using silviculture (trap-
trees, thinning, praning) and other control methods, such as
pathogenic nematodes or fungl, or enhanced population levels
of natural predators, to reduce the impact of leaf beetles on
E. nitens growth.

Vertebrate browsing in eucalypl plantations

Objectives

This project aims to:

+ develop a risk assessment model for predicting damage to
plantations by vertebrate browsers using broad-scale plantation
and surrounding habitat characteristics, This will assist in
decision-making for planting and protection of new sites;

+ determine the feeding preference of pademelons (Thylogale
billardierii) for common forestry Fucalyptus specics and
between provenances of E. nitens;

» determine the consumption of Eucalyprus seedlings in mixed
diets of pademelons and brushtail possums (Trichorus
vulpecula),

+ assess the attraction of plantations as feeding areas by
comparing the animal use of plantations with that of the
surrounding habitat;

+ determine the importance of Eucalyptus seedlings in the diet of
pademelons and Bennett's wallabies so damage can be
apportioned between the two browsing species.

OQuicomes

+ Assessments are being made of habitat, vegetation type and
wallaby density and the damage inflicted by browsing at 20 sites
for use in a risk assessment model. Early results suggest a
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Brushiail possum

Project 4

Leaders

Dr A Clarke
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Dr Anthony Clarke
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Mr Martin Steinbauer
Mr Zoltan Lukacs

correllation exists between the density of pademelom ang
wallaby and degree of damage.

* Captive feeding trials conducted on pademelons to determine
feeding preference between Ewcalyprus species are complete
and indicate a trend towards preference for Monocalypius
species {F. delegarensis and E. regnans) rather thep
Symphyomyrius species (. globulus and E. nitens).

* 110,600 seedlings of five provenances of E. nitens have been
raised and planted in two 30 ha plantations; and damage
assessment, vertebrate browser numbers and vegetation surveys
have begun. Preliminary results show higher damage levels in
one particular provenance,

Goals

+ Increase sample size of sites for improving the risk assessment
model.

* Continue comparison of damage to E. nitens provenances.

+ Continue field trial of damage to E. nitens provenances in
plantations.

« Commence stndies on the effect of various mixed-species diets
on damge to Eucalyptus seedlings by browsers,

+ Commence radio-tracking study to determine utilisation of
plantations by wallabies.

Biology of other insect pests of eucalypts

Objectives

This project aims to gain an understanding of the biology of
insects other than Chrysophtharta spp. which are current or
potential pests of native hardwood species.

The two insect groups currently under investigation are the coreid
bugs {Amorbus and Gelonus species) (Hemiptera: Coreidae) and
the autumn gum moth (Mresampela privata) (Lepidoptera:
Geometridae).  Coreids are ‘sucking’ insects which attack the
growing tips of their eucalypt hosts, causing tip-wilt, and in severe
cases, ‘shrubbing® of the tree. M. privata, in contrast, is a
defoliating insect, with the larvae preferentially feeding on the
glaucous javenile foliage of eucalypts of the blue gum group.
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Information from this project will be used to:

» assess the current and potential pest status of these msects in
Fucalyptus plantations;

« provide information valuable to the formulation of msect pest
management strategies.

Quteomes

» The taxonomy of the Tasmanian coreids has been clarified. It is
now thought that in Tasmania the genus Amorbus contains only
one species {(A. obscuricornis), not three as previously

considerad.
Martin Steinbauer holds 4 sap- »  Acantholybas kirkaldyi, a Tasmanian coreid previously known
sucking coreid bug. only from the type description, has been recollected. A

taxonomic revision has been carried out for this genus,

» A range of Fucalyptus species has been tested in no-choice tests
to determine their value as adult and nymphal hosts of Amorbus
and Gelonus, Some of the best host-plant species for Amorbus

| among the commercial Eucalyptus species are: E. obliqua,

E. nitens, E. globulus and E. delegarensis. Based on feeding

damage and host range, A. obscuricornis is considered the only

| coreid likely fo cause serious damage to plantations.

+ Baseline biological data have been gathered for coreids,
including growth rates at constant temperature, female fecundity
and seasonal population phenology. These indicate that only
under exceptional circumstances could coretds become a major
destructive pest.

» A previously unrecorded natural enemy of Australian coreids,
Xenoencyrius  hemipterous (Girault), has been identified
(Steinbauer and Clarke 1995).  This egg parasitoid
contaminated experimental cultures, but appeared to be rare in
the field.

+ The chemical constituents of the defensive secretions of

Tasmanian coreids have been identified and the quantitative and
| qualitative differences between and within species recorded
|4 {Steinbauer and Davies 1805,

+ The spatial dynamics of a severe M. privata out-break near
_ Hampshire, NW, Tasmania, has been plotted and a possible
B windrow effect identified,
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Goals
* Conclude coreid studies.

* Have comparative studies on the population phenologies
M. privata i the north and south of Tasmania completed by
June 1996. These will be compared with M. privara populatioy
phenologies collected in Victoria and ACT by CSIRO Divising
of Forestry,

* Quantify the effect of Telenomus sp. (an important epp
parasitoid of M. privata) on M. privata. '

+ Identify when M. privata can first successfully establish i
E. nitens plantations and study the role of population cycling
within a plantation,

Aufumn gum moih damage on
E. nitens.
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Program Manager
Dr N Davidson

Education

Objectives:
The cobjectives of the program are to:

41

+ develop a national centre of excelience for post graduate

fraining through:

i) training graduoates relevant to the industry sector in the

areas of tree genetics, protection of forests against predati
by insects and vertebrates, and eucalypt stand management;
ii) attracting scientists of high calibre to post-doctoral a
visifing scientist positions;

On

nd

iit) the involvement of Centre scientists, who are not teaching
staff in University Departments, in teaching at the
undergraduate and postgraduate level.

»  communicate the results of research to Centre industrial partners
and the public through conferences, workshops, seminars, field
days and a comprehensive Annual Report. This is facilifated by
generating a Centre ethos amoengst partners who are in some
cases remotely located and amongsi members of different
departments and institutions on the campus at the University of
Tasmania.

+ raise public awareness of the objectives of the Cenire and the
public good generated through research conducted by the
Centre by:

i) the development of a media plan and publicity of the
public good arising from Centre activities;

i} the development of links with farm forestry programs
conducted in the broader community.

Major achievements of the program

* The running of an international conference 'Fucalypt
Plantations: Improving fibre yield and quality’ (19-24 February
1995), in association with the International Union of Forestry
Research Organisations (IUFRO), that attracted 270 delegates
from 23 countries and included the publishing of a 600 page
proceedings. The running of a pre-conference field tour which
visited company operations in Victoria and Tasmania, and two
post-conference field tours; one it eastern Tasmania to natural
E. globulus populations, and the other in Queensland to natural
popuiations of eucalypt species used in tropical plantation




42  CRC for Temperate Hardwood Forestry « Annual Report 1984/95

Parlicipants take a break during the
Basic Genetics technical wraining
workshop.

forestry. After the conference two workshops were run; one op
guantitative genetics (BLUP) and the other on the reproductive
bioclogy of eucalypts.

+ The development of a technical fraining program which starteg
in November 1994 with two workshops; ‘Basic Experimenta}
Design’ and ‘Basic Quantitative Genetics’, run by the Genetigg
and Soil and Stand Management Programs. There were 44
participants including technicians and foresters from Amcor
Plantations, North Forests, ANM, Forestry Tasmania, CSIRQ
Division of Forestry and the University of Tasmania.

* The appointment of four new postdoctoral researchers; Dr Allie
Muneri (wood scientist), Dr Clare McArthur (animal browsing),
Dr Jean-Nogl Ruaud (somatic embryogenesis) and Dr Dorothy
Steane {molecular biology).

* The maintenance of postgraduate and honours students
numbers at levels exceeding those proposed at the outset of the
Centre. We now have 27 PhD students, five masters stadents and
four honours studenis {a total of 37).

+ The running of two workshops; one on pruning and thinping
{November 1994 and the other on modelling of soil nitrogen
status (June 1995} by the Soil and Stand Management Program.

* A joint workshop between CRCTHF and CRCHFPS, run in
August 1994 was the first joint meeting of both CR(Cs and
industry. The subject was ‘Wood and pulping properties’.

Honours and postgraduate students

In the past 12 months the number of students enrolled in honours
and postgraduate degrees with the CRC has increased by four to
37. We now have 27 PhD students, five MSc students, four
honours students and a graduate diploma student divided amongst
the four programs; 12 in Genetic Improvement, 12 in Soil and
Stand Management, nine in Resource Profection and four in
Education (Table 3). The supervision of these students is shared
widely amongst many of the partner institutions (Table 2a).

CRC honours scholarships were offered in 1994 to two students,
Matthew Hayden and Mariin Tyson, who received excellent resulis
in their third vear.

Undergraduate students

This year there are ten students enrolled in the four-yeat
undergraduate course in Forest Ecology, similar to the intake for
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Topics and supervisors of CRC research students 1494/95
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Tahie 48
First MName | Topic Seionlific Supervisors
James Effect of planlaticr design on feediw beheviossr of wailaty Qf_ff Mehrihu |
Pelar Genalic contof of clonzng abitity in B globulus Dr B Vaillancourt i
Seve pdashematioal macdals o suppod HM of feaf beallos = Eir ; Madger. Dr ¥ BHiolt
Frag Quantitalive genelics and %a econormis {low-ons [rom genolis gains ™ £ B Borratha
“usan Cutiuze of Dicksonia anatctica for planlatichs T e €5 Lirvwin o
Heizt The suscephbiity of cucalysl bybrids o pests T 8 Poity, Freot J Raid
Fravor Kinetic paramaters lor wplake of nitrogen and amenoiten by eucatypt ools | D P Smethurst, Br N Bayvidson =
Bruse Age te ags conaiatiohs i eucalypis Ms G Baymond, D B Polis, Ir § forrathe =
i te-trreading in eucalypts - B B Potss, B 3 Soralha e
B b H,.,"Eﬂ_'l grawihi and g bo in1 E. iglalashid - e 1 Vailaneou, e B Polis
Briciey st focaton by Comymoptihans bimacuiats N D Madden, ¢ A Cidr?é B P McQuz%m:; I
Abaziair Pradators of Chreser pEmacuate . T A Giatke, B Madden
Mkl Compablion babween ghderskorey spacies and p‘mil.h':n. e:}ga”pls {3 B Diavidson, Br © Besdle
Susan m_l_gmblu_ulﬁﬂl e N U P Sands, 17 ML ]
Sarah Hm.n._q variaion in seed ger characterisiics — By M Battaglia, Br N Davidsoh c
LuMacs Foltan Iizdagy of the aufums guim moth D A Glatke, D J Madden, D # Floyd -
ARG Bladiz Hirowsing of eucaiypt seedings by pademeions (7 hvlothe bﬁ%azmmz} ________________ 2 © MeArtr
1B |marvsER R Hormatmal mftf{o% of gioais and da W E ghsbubes and B nilans Praf  Reitd, I J Ross
T lmarnean | Daniel Process br:wd of rlekerd limiaticns o @l [r # Simedngst, Prof B Menary, Or G Helz
ThETOMELL 3 Aowanidis itcproduchve i:zoiugy and Breeding sysiems fa B g-logazﬁm = br B_i"ol%s. T 7 Vaillancourt .
T Marlin Mitengan rerabaalion i 1_ B ¥ Smetuiel Prof B Menary
pit Hatkering Motaoslar gtk in _jtiu_hl g - | Frot J Beid, D A Wasl
73 |PEAGCCK foss afiar cable logging E ﬁz* ] Dawdsoz? Bt By, Prod A Hl
-4 |[FEARD Librba Fup alfect of pruping on pr{hiizclwd\; arl redource aflof‘z;lion e nzlvnc. ] L)zc_iieadle. b M Davidson
w5 |FED Crathuering Pra. and posl-diapauss dapersal of msevis i _J_Madclezs. Dr A Clarke x
HICHTER beiciele Mpchanisms of dought \oleranas i cucalypis A (03 _N Davitssn. T C Beadle - ’
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Table 3 Summary of student enrolments in the CRC

DPI - Forestry
Employed in forest industry
Self-supporting

II Postgraduate Students Number of Students
Full/Part Time: Full time 32
Part time 5
Degree: (rad Dip with Hons 1
BSc Honouwrs 4
BAgSci Honours 0
MSe 5
PhD 27
CRC Program: Genetic Improvement 12
Soil & Stand Management 12
Resource Protection 9
Education 4
Supervisor:
DrM Austin 1 Dr C Foster™ 1 Ms C Raymond 1
Dr M Battaglia 2 Prof R Hill* 1 Prof J Reid* 6
D C Beadle 4 br G Kile 1 DrJRoss 1
Dr N Borralho § Dr M Line* 1 Dr P Sands 2
Dr M Brown 2 Dr J Madden® 6 Dr P Smethurst 3
Prof R Clark* 1 Dr C McArthur 2 Dr A Sprent* 1
Dr AClarke § Dr P McQuitlan® 1 Mr G Uawin* 1
Der N Davidson 7 DrR Misra 1 Dr R Vaillancourt® 4
Dr H Elliott 1 Prof R Menary* 1T Mr P Volker 1
Dr R Floyd 1 Dr B Potts 7 Dr A West* 1
Funding: CRC (Honours Scholarship) 2
CRC {PRD/MSc¢ Scholarship) Ii
Univ Research Scholarship {with CRC top up) 2
APA (with CRC top up) 3
APA - Industry 4
FRIC 2
AIDAB 1
1
5
4

* University Department Staff
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1994 (Table 2). We expect numbers in this course to remain at this
ievel and that students from other courses run by the Plant Science
and Agricultural Science Departments will provide the major
source of honours and post-graduate stadents for the CRC.

Post-doctoral fellowships and visiting scientists

There have been five post- doctoral fellows working with the
Centre during 1994/95.

in the Resource Protection Program, Dr Anthony Clarke has
played a key role, leading research in Projects 2 and 4 on the
control of insect defoliators and the biology of other insect pests of
Eucalyptus. A new post-doctoral fellow, Clare McArthur, was
appointed to the vertebrate browsing project in January 1995 and
has already started a comprehensive research program,

in the Genetic Improvement Program, Dr Omar Hasan conducted
research on identifying and quantifying gibberellins, auxins and
abscissic acid in the cambial tissue of E. globulus with the aim of
determining their effect on wood properties. Three new post-
doctoral fellows were appointed to the Genetic Improvement
Program: Dr Jean-Noé! Ruaud was appointed in August 1994 on a
project investigating somatic embryogenesis; Dr Allie Muneri was
appointed to the position of wood scientist in January 1995 and
Dr Dorothy Steane was appointed as molecular biologist in April
1995,

The Centre received two visiting scientists in the Genetic
Improvement Program during 1994/95: Dr Peter Kanowski
{quantitative geneticist with Oxford University, recently appointed
Professor of Forestry at ANU) and Dr Sue Jarvis {tree breeder with
the Southern Tree Breeding Association). Mr Peter Kube (Forestry
Tasmania} spent two months at the Centre in the position of Tree
Breeder. Professor Alan Berryman (from Washington State
University} conducted a workshop and interacted with staff and
students of the Resource Protection Program. In the Soil and
Stand Management Program, Dr Heather Keith {(CSIRO, Division
of Forestry, Canberra), conducted a six-month study on the
phosphorous nutrition of E. nitens.

During the vear there were also two Chinese visitors, Mr Li Fang
Dong and Mr Wang Bao-Ping, who interacted with researchers in
SSM Program on soil nutrition studies. Funding was provided by
the United Nations Food and Agricultural Organisation.
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International Conference delegates
from lefl to right Mathura Jha,
India; Roberto Ipinza, Chile; fim
Reld, Director (CRCTHF} Araold
Viijjoen, Scuth Africa; Ruth
McConnochie, New Zealand;
Dario Grattapaghia, Brazil.

Teaching

Six CRC funded staff are contributing to university courses in
fields allied to their research: Dr A Clarke has presented lectures in
Agricultural Entomology, Dr R Misra in Soil Physics,
Dr N Davidson in Physiological Plant Ecology, Dr Phil Smethurst
in Soil Nutrition, Dr Brad Potts in Quantitative Genetics and
Pr R Vaillancourt in Molecular Biology. Supervision of post-
graduate and honours students is widely distributed amongst CRC
partner institutions, such that more than half of the student
supervision is performed by CRC staff outside University
departiments (see Table 1),

Communication and Promotion

In assoctation with the International Union of Forestry Research
Organisations (IUFRQ), the Centre ran an international conference
‘Eucalypt Plantations: Improving fibre yield and quality’ (19-24
February 1995} that attracted 270 delegates from 23 countries and
from which was published a 600-page proceedings edited by the
scientific committee: BM.Potts, NMG Borralho, JB Reid,
RN Cromer, WN Tibbits and CA Raymond, A pre-conference field
tour was run from 11-18 February, which visited company
operations in Victoria and Tasmania, There were two post-
conference field tours: one to natural E. globulus populations in
eastern Tasmania (25-26 February) and the other to natural
populations of E. grandis near Coff's Harbour (NSW) and Gympic
(QLD} (26 February - 4 March). Also, after the conference, two
workshops were run by the Genetic Improvement Program; one on
BLUP (Best Linear Unbiased Predictions) of breeding values in
tree breeding (presented by Nuno Borralho, 27-28 February), and
the other on the Reproductive biology and controlled pollination
of eucalypts {presented by Brad Potts; 1-2 March),

A joint workshop between CRCTHF and CRCHFPS run in August
1994 was the first joint meeting between the two CRCs and
industry. The subject was “Wood and Pulping Propertics’,

Two workshops were run by the Soil, and Stand Management
Program, The first on pruning and thinning for sawlog plantations
was run by Chris Beadie and Libby Pinkard for the Forests and
Forest Industry Council of Tasmania (November 1994y, The
second was on modelling of soil nitrogen status (19-22 June
1995}, This workshop consisted of a half-day of seminars
presented to industry partners by CRC SSM Program and CSIRO
on their results from current research on nitrogen mineralisation in
forests, followed by 1.5 days of modelling sessions and a half day
field trip,
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Brad Potts gives advice to staff and
students at the Tarcona High
Schoot on the planting and care of
endangered eucalypt species,
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The Resource Protection Program ran a short course eatitled
‘Understanding, diagnosing and forecasting forest insect
dynamics’ (18-19 January 1995} presented by visiting scientist
Prof Alan Berryman {from Washington State University).

A technical training program was started in November 1994 with
two workshops; ‘Basic Experimental Design’ and ‘Basic
Quantitative Genetics’, run by the Genetics and Soil and Stand
Management Programs, which attracted 22 participants including
technicians and foresters from Amcor Plantations, North Forest
Products, ANM, Forestry Tasmania, CSIRO Division of PForestry
and the University of Tasmania.

National and international consultancies have also been attracted to
the CRC. In August 1994 Dr Nuno Borrathe ran a two-week
consultancy on new quantitative genetics technigues for Indonesian
foresters. In November 1994 and in Febrary 1995 Neil Davidson
undertook two three-ay consultancies on the effect of waterlogging
on tree growth for the Hydro Electric Commission of Tasmama,

The Centre continues to respond to interested community groups
who wish to know more about the CRC and 1ts research activities,
e.g. Dr Brad Potts explained controlied pollination techniques to
the advanced science class at the Taroona High School and advised
staff and students on the planting and care of endangered eucalypt
species in the school grounds.

CRC ethos and interactions

The three-monthly newsletter, 'Oversiorey’, has played an
important communication role in the Centre during 1994/95 and
has been very popular amongst both readers and contributors.

The CRCTHF/IUFRO Conference provided an exceilent forum for
projecting the Cenire's identity to a national and international
audience,

Goals

+ To develop a media plan and publicity campaign that will
demonstrate the public good arising from Centre activities. The
campaign will be aimed at the general public and farm forestry
CORnCerns.

+ To improve communication and the transfer of research results
to industry partners, by making visits directly to forest
companies to present research which the Centre sees as ready for
adoption or implementation.
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* To continve the very successful techuical training program
a workshop on ‘Forest Health’ to be held in October 1995

+ To run a series of stories about CRC research in the e,
publication "‘Onwood’. '

* To run a three-day workshop on soil and plant nutrition w
the Soil and Stand Management Program, the University
Melbourne and the Australian National University staff g
students present their research work and discuss possil
research c¢ollaboration.

* Instigate informal, fortnightly CRC-wide meetings to familizg
staff and students with the range of projects and activitie
undertaken by the Centre.
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Genetic Improvement
A large part of the research of Project 1 is carried out through
collaborative projects. The main organisations or people were:

+ the STBA (Southermn Tree Breeding Association), mostly in the
development of a cooperative breeding strategy and genetic
evaluation of E. globulus and E. nitens;

¢+ Dr Peter Kanowski (Oxford Forestry Institute), who was our
Vigiting Scientist between January and April 1995;

* the Queensland Forest Research Institute and Australian
National University, mostly in the development of breeding and
deployment strategies for tropical hardwoods, for which a joint
Forest and Wood Products Research and Development
Corporation project has been submitted;

* several companies such as Soporcel (Portugal), Celbi (Portugal),
Instituto Forestal (Chile), Cooperativa de Mejoramento Genetico
(Chile), and ENCE (Spain) involved in the analysis of the
E globulus base population coliections;

« the New Zealand Forest Research Institute, in the joint analysis
of the E. nitens base population collections;

* Tasman Forestry (New Zealand), in the analysis of their
P. adiata second generation progeny/clonal trials using Mixed
Models BLUP;

+ Indah Kiat Pulp and Paper (Indonesia), in the development of
breeding strategies and analysis of a series of first generation
A. mangium progeny irials;

* Aracruz Celulose {Brazil), on a joint E. globulus x E. grandis
hybrid research project.

Several lines of research in Projects 2 and 6 have been conducted
in coliaboration with the CRC for Hardwood Fibre and Paper
Science, in particular research related to sampling, assessment and
within tree variation ip fibre characteristics, and the effect of
gibberellins on wood characteristics, In addition, specific projects
being undertaken with ANM Pulp Mill, North Forest Products
pulping research group and Amcor Research and Technology
Centre.

Project 4 has been collaborating with: (i} STBA in the estimation of
genetic parameters in base population trials of E. globulus and
. nitens; and (ii) Dr Peter Ades and Angus Carnegie of the
University of Melbourne on the study of the genetics of
Mycosphaerella spp. resistance.

Soil and Stand Management Program

In Project 1, interaction is bemg developed with Dr Marilyn Ball
from the Research School of Biological Sciences at ANU
{Canberra) to investigate the long-term effects of chilling injury on
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plantation productivity. New links have also been established Wit
Bunnings Forest Products (Western Australia) in a study of the
drought tolerance characteristics of £ globulus families. Dr Chrig
Beadle is currently on study Jeave at the University of Essex (LK),
The Department of Biclogy there has ploneered the use of change;
in chlorophyll fluorescence as a means of evaluating the impact gf
low temperature on photosynthesis and crop growth. Dr Beadle i
interacting with their program using . nitens as a subject species,

In Project 2, links are being maintained with the Queensland Poreg;
Research Institute to finalise publication of research on suh.
tropical eucalypts funded by Shell Australia. Data from that
research will be used m modelling studies in Project 4. Project 2
also has strong interactions with industry partners: with trees from
the plantations of North Forest Products, Amcor, ANM and
Porestry Tasmania being sampled for wood property assessments,
In addition, results from the within-tree variation in density work
were immediately implemented in Projects 1 and 4,

Links exist between Project 3 and (i) Dr B Atwell, Macguarie
University, on studies of N uptzke by morphologically different
roots; and (i1} Mr P Moody, Queensland Department of Primary
Industry, on soil indicators of phosphorous deficiency. Two FAQ
trainees from the Paulownia Research Centre, China,, have
conducted studies of soil physical properties and P availability with
project scientists. -

In Project 4, links are being developed with other modelling
groups at the University of NSW, CSIRO Centre for Environmental
Mechanics and CSIRO Division of Soilg,

Resource Protection Program

The vertebrate browsing project has close links with (1)
Dr M Statham (DPI) who is providing scientific advice on radio-
tracking, (ii) Dr WJ Foley (James Cook University), (it} North
Forest Products and (iv) Mr Peter Bird who is providing a link with
huriters in Tasmania for collecting samples. Interactions continue
with the CRC for Tropical Pest Management and a joint publication
on Chrysaphtharta bimaculata genetics is nearly completed. Links
with the CSIRO Division of Entomology are continuing 1o
strengthen and Dr Robert Floyd of the organisation is acting as a
research supervisor for Mr Zoltan Lukacs,

-

Genetic Improvement

Project 1 has close collaborative links with all CRC partners and
with other CRC programs,
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In Project 3, close interaction occurs with Project 4 in quantitative
genetic analysis of heterosis and with Projects | and 2 7in
identification of genetic markers for wood density. North Forest
Products and Boral Timber have provided genetic material for
experiments and Gillian Rasmussen of North Forest Products has
provided facilities and assistance with testing for rooting ability.

Project 4 has been collaborating closely with Projects 1 and 3 as
well as coliaborating with Dr Robert Wiltshire, Department of Plant
Science, University of Tasmania, to wrile a review on eucalypt
genetics and genecology. North Forest Products, Forestry
Tasmania and Boral Timber have been integrally involved with trial
establishment,

In Project 5, joint experiments on micropropagation are conducted
with North Eucalypt Technologies at Ridgley and CSIRO in
Hobart. North Forest Products 18 the ounly industry partner in the
CRC that has its own tissue culture laboratory, We intend to
transfer technology of vegetative propagation to other industry
partners through arrangements with commercial tissue culture
iaboratories

Project € interacts with Forestry Tasmania on the effect of
hormone levels on cambium development, with the CSIRQ Division
of Porestry on the production of earlier and heavier flowering, and
with the University of Tasmania on the analysis of hormone levels
in different seasons,

Soil and Stand Management Program

In Project 1, strong links have been developed with: (i) North
Forest Products in studies of the effects of chilling injury on
photosynthesis; and (ii) Boral Timber on two projects {competition
between Acacia dealbata and E. nitens, and the effect of pruning
on growth and photosynthesis of E. nitens). New links have been
established with Bunnings Forest Products (Western Australia) and
Nuno Borralho (Project 1, Genetic Improvement Program) in a
study of the drought tolerance characteristics of E. globulus
families.

In Project 2, strong cooperative linkages are in place with North
Forest Products, ANM and Boral Timber who support CRC
nitrogen and phosphorus fertiliser trials.

Project 3 has links with Drs I Newran and S Shabala of the Physics
Department, University of Tasmania,, in microprobe studies of
nutrient uptake, Close links also exist with Dr M Line and
Prof R Menary, of the Department of Agricultural Science,
University of Tasmania, in the supervision of students on joint
APA-T awards.
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Project 4 has close links with other projects within the SSM
Program in the development of models of stand growth, and wis
the CRC for Hardwood Fibre and Paper Science in modelling
cambial activity.

Resource Protection Program

The Resource Protection Program has established links with most
partners. For example, Project 2 is jointly managed by CRC and
Forestry Tasmania staff, The outcomes of this project are
dependent on this collaboration which combines pure ecology ang
field application. The support of ANM to Project 2 is also
significant. In the vertebrate browsing and autumn gum moth
projects, the support of North Forest Products has allowed the
establishment of major experimental field sites for assessing
vertebrate damage.
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Introduction

In the past 12 months, studies conducted in each of the three
research programs at the CRC for Temperate Hardwood Forestry
have led to commercially useful results which are being adopted by
industry.  The Centre attracted national and international
consultancies in the Genetic Improvement and Soil and Stand
Management Programs. The Centre also ran an International
Conference which was a major boost to the profile of the CRC and
its members and attracted a large number of industry
representatives. The Conference was also a financial success, the
proceeds from which have been ecarmarked for further
international coilaboration.

Genetic Improvement

In the Genetic Improvement Program researchers have, in
association with STBA (Scouthern Tree Breeding Association), now
conducted a complete BLUP (Best Linear Unbiased Prediction)
analysis of national and interpational trials of E. globulus and
E. nitens. The results from this analysis are being used by
industrial partners to accurately select elite genetic material for the
next generation of tree breeding and have demonstrated the
benefits of a single national breeding strategy. Clear breeding
objectives have been set and a cost-benefit analysis was conducted.
The STBA Is implementing the breeding strategy and the projected
benefits are estimated to be 9% assuming the discount rate will be
$32 million for plantations established by 1999.

The pilodyn is now being used by members as a tool for indirect
assessment of wood density and thus is the first quick and easily
employed method of measuring wood quality capable of being
used in BLUP analyses of breeding values.

In August 1994 Dr Nuno Borralho ran a two week consultancy on
new quantitative genetics techniques for Indonesian foresters.

Soil and Stand Management

Researchers in the Soil and Stand Management Program are well
advanced in quantifying the rates of nitrogen mineralisation in
some typical soils used for tree farming. This work will allow more
accurate determination of the optimum timing and level of
fertiliser application,

Scientists within the program are also in the process of guantifying
the effects of pruning and thinning on growth and physiology of
plantation eucalypts (supported by the Forests and Forest Industry
Council). A more accurate assessment of the impact of these
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silvicultural practices on plantations used for solid wood producyg
will be possible from this work.

In November 1994 and February 1995 Dr Neil Davidson
undertook two three-day consultancies on the effect of
waterlogging on tree growth for the Hydro Electric Commission of
Tasmania.

Resource Protection

The Resource Protection Program as well as continuing to refine
their Integrated Pest Management Program through studies of the
ecology of C. bimaculata have three new initiatives which could
directly benefit industry partners. Firstly, strategic plantings of
E. regnans in E. nitens plantations may be used as ‘trap’ trees for
insect defoliators. There is an intensive study being conducted on
the autumn gum moth, results of which will help decision making
to control a major defoliator of plantation trees. There is also a
major injection of resources into a study of the behavicur and
preferences of mammalian browsers (wallaby and possum) which
are a serious problem at the time of plantation establishment.
Results from this project will contribute to the development of a
plantation designed to reduce browsing impact and the production
of a working model for predicting browsing damage.

Partner Forestry Tasmania

Perspe{:tives The CRC has been instrumental in getting cooperative breeding
programs underway for both E. globulus and E. nitens and the
progress in the E. nitens program in 1994-5 s particularly
welcome. Data on gains from employing genetic selections for
E. nitens are very valuable for Forestry Tasmania’s future
plantation program, and getting appropriate selections into a seed
orchard and then into plantations will lead to significant
mmprovements in productivity.

The recent CRCTHF-IUFRO Conference on improving future
production from eucalypt plantations brought Australian and
International experts to the State. The interchange between these
delegates and Tasmanian researchers was extremely useful for
focussing the eucalypt plantations research program.

The development of silvicultural regimes for sawlog production
froffi eucalypt plantations is a high priority for Forestry Tasmania
as we are now managing 6000 ha of K. nitens for sawiog
production established under the Intensive Forest Management
Program. Work in the CRC’s Soil and Stand Management
Program on thinning and pruning regimes and the physiological
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effects of pruning will greatly assist the development of
appropriate practices. -

Other work in the Soil and Stand Management program on
nutritional regimes for eucalypt plantations across a range of sites
and testing Forestry Tasmania’s model for determining
productivity of potential plantation sites is welcome.

Through the Resource Protection Program we are gaining valuable
information on the ecology of eucalypt leaf beeties and developing
biological control strategies concentrating on application of
Bacillus thuringiensis var. tenebrionis. Other biological control
agents such as nematodes and fungi are also being investigated.
Vertebrate browsing studies received a boost this year through the
appointment of a post-doctoral researcher and funding of
supporting resources. This topic is a very high priority for the
comnmercial forest growers.

- Humphrey Elliott, Forestry Tasmania

North ¥Forest Products

The past year has been a challenging one for the wood-fibre
industry in Australia with the focus increasingly shifting to
eucalypt tree-farms (ETFs) for future supply. The role of this CRC
in underwriting the sustainable production of internationally
competitive wood-fibre in Australia through high quality research
is therefore vital,

Exciting new CRC initiatives include the commencement of a PhD
program investigating the ecology of autamn gum moth, currently
in outbreak throughout much of Tasmania’s ETFs,

The appointment of Dr Clare McArthur to the vertebrate browsing
area should improve the profile of this important area of research.
Canadian experience with parasite inundated release was
investigated and proved to be not feasible on economic grounds.

Nitrogen and soil phosphorous studies are proceeding well and an
important outcome for North has been the guantification of
nitrogen mineralised in our tree-farm soils. The biotechnology
program has made exciting progress with E. nitens embryogenesis
studies. Collaborative projects with CRC geneticists have also
produced some valuable cutcomes for North,

CRC staff are to be congratulated for their hosting in Hobart of a
major international conference in association with FUFRO, The
conference brought many forest researchers and woeod scientists
from overseas to Tasmania giving the local indusiry the
opportunity to network and benchmark itself.

- David de Little, North Forest Products
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Boral Timber Tasmania

Coming into the middle period of its first seven years, the concepts
and performance of the CRC THF are coming into focus. The
three-year review panel highlighted strengths and weaknesses thy
were already becoming evident from in-house scrutiny, and
structural changes to programs and emphasis between programs
have been incorporated to reflect the concerns of industria)
partners, and the capacity of the CRC to respond to these shifts,
The difficulties of staff changes, although ever-present, has seen
the import of excellent new staff and a corresponding injection of
new enthusiasm - always a welcome aspect. This is also evident
with the cooperative arrangements being undertaken with the CRC
for Hardwood Fibre and Paper Science in Melbourne, where more
emphasis on solid products and their requisite characteristics are
being addressed,

The next two years should provide strong, tangible justification for
the very existence of such a CRC. With many projscts within the
various programs already showing indicative results, the
mcorporation into silvicultural practice of different fertiliser
regimes, cultivation techniques, genetically superior seedlings, is
already being tested in routine applications. We continue with
optimism that advantages gained from focused research will
enhance our efforts at eucalypt planiation establishment and
managemens.

- Peter Naughton, Boral Timber

ANM Forest Management

The CRCTHF/AIUFRO conference on eucalypt plantations provided
a great boost to the profile of the CRC and its members. It
demonstrated to the Australian public and international delegates
the high degree of scientific knowledge applied to forest
management in Australia. A series of workshops aimed at
technical and professional staff within the industry were valuable in
transferring research results into practice. The success of these
courses has shown the need for continuing training within the
industry and for researchers fo imteract with industry at an
operational level.

In cooperation with the STBA, analysis of the STBA E. nitens data
has been carried out, with pilodyn analysis currently underway.
This information will form the basis for future grafted seed
orchards.

Fertiliser trials are starting to show responses in the third season of
growth, confirming our need to conduct more work between age
two and canopy closure, Other work with ammonium and nitrate
solution culture has proven the need to stick with ammoninm based
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fertilisers. Trials are currently being established to quantify the
effects of weeds on plantation growth. -

Within the Resource Protection Program, monitoring of vertebrate
pest browsing has shown a lJarge range of damage and
susceptibility to browsing in different coupes. This information
wiil be essential for evaluation of possible control measures. The
appointment of Dr Clare McArthur has given a much needed boost
to the program and ANM looks forward fo increased activity in this
program.

- Peter Volker, ANM Forest Management

Amcor Plantations Pty Ltd

Amcor Plantations Pty Ltd (formerly APM Forests Pty Lid) has
been extremely pleased by the progress and developments
achieved by the CRC in the past 12 months. The CRC has become
a true centre of excellence which was proven in the hosting of the
CRCTHF-IUFRO Conference in Hobart during February. Without
doubt this Conference was a resounding success which has
increased the exposure of the CRC (and its members) throughout
the international community. Amcor Plantations was proud to be a
sponsor and to be a host on the pre-conference tour.

Puring the past year the Centre conducted a number of training
sessions and workshops. These are particuiarly important to our
company as they provide training opportunities for our personnel
that were not available prior to the Centre’s existence. In
particuiar, the workshop on Hxperimental Design and Quantitative
Genetics was excellent,

Another satisfying aspect of the CRC has been its impact on the
availability and accessibility of well gualified scientists for forest
research in Australia. It is quite clear to our company that the
calibre of the graduates associated with the Centre is high and
advertised jobs can expect to atfract such people. In particular, the
opportunity t¢ utilise the skills of Bruce Greaves for one year while
I was studying was invaluable.

The Third Year Review, whilst a lot of work, provided an
opportunity to stand back and evaluate the performance of the
Centre and re-assign priorities to the various programs and sub-
programs. This process was well received by the Centre and has
resuited in a better focus for research. Basically only fine tuning
to the programs was required which confirmed that the research
was close to optimal for the first three vears.

Specifically for Amcor Plantations the past year’s research has
resuited in:
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+» the development of a pulp-mill costing model which we will use
to evaluate eucalypt breeding and silvicultural experiments;

» the development of a protocol for, and an economic evaluation
of, assessing wood density using a pilodyn. This is now being
used routinely;

+ the use of BLUP analysis by the Southern Tree Breeding
Association (STBA) on E. nitens and F. globulus data has
enabled the selection of the candidates for the next generation
of breeding;

+ the assessment and preliminary analysis of socil cultivation
experiments and their impact on soil strength and tree growth.

In the forthcoming year we look forward to the strengthening of
links with both the STBA and the CRC for Hardwood Fibre and
Paper Science, the increase in the focus on the effect of site,
silviculture and breeding on wood and fibre properties, the
increased resourcing of the vertebrate browsing sub-program, and
the provision of suitable technical workshops and short courses.

~ Phil Whiteman, Amcor Plantations Pty Ltd
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During 1994/95 there were several changes to the staff of the CRC
with new appointments of professionals and changes to existing
positions reflecting staff tumover.

The Office of the Chief Scientist has appointed a new Visitor to the
CRC to replace Professor Harold Woolhouse who retired due to il
health. He is Dr Peter Nelson (APPI) who has also been appointed
as Visitor to the CRC for Hardwood Fibre and Paper Science in
Meibourne. H is believed that this appointment will be mutually
beneficial to both Centres. Dr Nelson will provide advice on the
strategic directions of the Centre.

The Deputy Director and Program Manager of the Soil and Stand
Management Program, Dr Philip West, resigned in Febroary 1995
to move fo Darwin to take up a position as Director of the CRC for
Tropical Savanmas. Mr Robin Cromer has replaced him as
Manager of the Soil and Stand Management Program and the
position of Deputy Director has not yet been filled, CSIRO will be
making a new appointment in the area of growth modelling to
replace Pr West.

Dr Nuno Borralho was appointed Program Manger of the Genetic
Improvement Program in September 1994 1o allow Professor Reid
more time to concentrate on his duties as Director.

Dr René Vaillancourt, post-doctoral fellow in molecular biology,
accepted a position as Lecturer with the Plant Science Department
{University of Tasmania), but is continuing close interaction with
the Centre.

Four post-doctoral fellows were appointed in the last year:
Dr Clare McArthur to the vertebrate browsing project (January
1995); Dr lean-Nogl Ruaud to investigate somatic embryogenesis
{August 1994); Dr Allie Muneri to the position of wood scientist
(January 1995); and Dr Dorothy Steane as molecular biologist
(April 1995). Dr Omar Hasan accepted another appointment
within the University of Tasmania and left his position as post-
doctoral fellow with the Centre in October 1994,

Dr Xiujun (Wendy) Wang was appointed as Research Assistant to
Dr Philip Smethurst and is working on nitrogen mineralisation in
forest soils. Technical appointments made during 1994/95 were:
Mr Andrew Gibbons, to work with Dr Rabi Misra on root studies:
and Mr Marcus McKay in the area of canopy processes and
nutrient cycling. Mr McKay resigned in February 1995 to take up
further studies and was replaced temporarily by Ms Joanne Dingle.
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Forestry Tasmania appointed a new research scientist, Dr Jane E
(funded by the Intensive Forest Management Program} ¢o con
research in the Resource Protection Program of the Centre. Sh
replaces Ms Anna Greener.

New students starting with the Centre this year include six PRIy
students: Ms Michele Richter, Ms Alexandra Mitchell, Mg Susapy
Lennon, Mr Paul Chambers, Mr Peter Bundock, Mr Xianming Wi
and five Honours and Graduate Diploma with Honours studenis:
Ms Sarah Loughhead, Mr Martin Tyson, Mr Matthew Hayden,
Ms Ria Matysek and Ms Susan Donald,

After a request from the CRC Secretariat, the specified personna|
list has been shortened (see Table 4, page 61). A full staff st fop
the Centre is presented in Attachment C at the end of this report.

Third Year Review

The Third Year Review of the Centre was held on 12-13 March
1995. The Review Panel consisted of Mr Don Blesing (Chair)
(Member of ASTEC), Dr Joe Landsberg (CSIRO), Prof Peter
Kanowski (Oxford/ANU), Dr Don Grose (Retired Chairman FCVy
and Mr Colin Hickey (CRC Secretariat),

The Review Panel was génerally pleased with the progress the
Centre had made against its performance indicators in the
Commonwealth Agreement (established at the start of the Centre}
and the evaluation criteria set by the Office of the Chief Scientist.
However, the Review Panel took a broader view of the role of the
Centre, in particular regarding the need for 'public good’ research
and the role of the CRC in the public debate regarding forestry
issues.

Recommendations

1) The Board should implement the Panel’s recommendations with
some urgency, to place the Centre in the strongest possible
position to attract funding beyond the current contract period
and to capture opportunitics presented by Australia’s expanding
temperate hardwood resource base.

2) The Board should redefine its role to ensure that the Centre
priorities are clearly determined by the Board, and to clarify and
separate the activities of its Commitiees, in particular the
Industry Research Committee. The Panel believes that the
Board’s task is to determine roles and directions, to consider
strategy, and to participate more directly in priority setting of
research programs for the Centre. The Management Commiltee
and the Industry Research Committes should continue to
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determine resource location and priority setting within
programs. The Board should also grasp the opportunity 4o
define a broader constituency than the current industry partners
to inciude large plantation forestry, farm forestry, and
widespread community support for reafforestation. This
provides the basis for determination of areas of public good
likely to merit long term government funding. This redefinition
will include an improved understanding of stakeholders,
additional independent membership of the Board, and a focus
on developing a world-class capacity in forest science and
practice that will lead to improved opportunities for funding
support.

3) The Board is to strengthen the Centre’s capacity in business and
technology management by appointing a full-time business
manager. This will free the Director to play a more pro-active
leadership role.

4) The Board is to take a strong rele in developing a robust
forward-looking business plan, addressing infer alia, the future
sources of funding of the Centre on an ongoing basis.

5) The Pane! believes that the program areas as selected are
appropriate. It recommends the strengthening of the Soil and
Stand Management, Resource Protection and Education
Programs to ensure that they have the capacity to achieve
excellence. The objectives of the Hducation Program should be
revised to reflect the Panel’s vision of the Centre’s role of
gxcellence in the Australian community.

Response to the recommendations

The Board met to discuss the recommendations and agreed to the
following changes:

1) The recommendations have been discussed by the Board as well
as the CRC in general and firm decisions (see below) have been
taken on how to respond to the recommendations so as fo
ensure the Centre is n the strongest possible position to attract
funding beyond the current contract period and to capture
opportunities presented by Australia’s expanding temperate
hardwood resource base,

2} The Board expressed confidence with the present designation of
commitiee responsibilities since this included Board
responsibility for determining the roles, direction and strategy
of the research programs of the Centre. However, we will take
care to ensure that the Management and Industry Research
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Commitiees are restricted to providing priority setting ang
resource allocation within programs and that they will only play
an advisory role to the Board on issues at the broader program
level. This will be aided by the implementation of the
recommendation for more frequent Board meetings.

The Board confirmed its commitment to identifying new members
and 1o admitting them on the same terms and conditions as existing
members. It stressed that it had done this successfully in the past
on several occasions. In addition, the Board would endeavour fo
develop a system of associate membership that would allow mnpat
into the Centre from diverse community groups in a structured way
and hoped that this would open up areas for cooperative work,
Prospective associate members would have to demonstrate that their
membership would be of mutual benefit to both organisations and
they may be required to pay an annual fee or to contribute in-kind
support.

The Centre already has an expanding involvement with farm
forestry, principally through its industry members, and it is
expected that this will continue to expand in the future.
Community support for reforestation will be addressed through the
Education and Technology Transfer Program and a paper dealing
with this issue has been developed for the Board's deliberations.
The Centre currently undertakes cansiderable public good
research, especially as research higher degree theses, and this will
be highlighted in future by classification of projects to include this
category. Finally, collaboration with the Forestry Schools at the
ANU and Melbourne University will be encouraged and the
present considerable collaboration fully documented. A three-day
meeting with staff and students from Melbourne University has
been arranged for 9-11 August 1995,

Taken together, these strategies show the Board has addressed
many of the issues raised by Recommendation 2 while
reconfirming the appropriateness of the present structures of the
Centre to achieve its stated aims.

3)The Board has authorised the appointment of a Business
Manager as recommended. This will free the Director to play a
more pro-active leadership role,

4) The Board has accepted a strong role in developing a robust and
forward-looking business plan. The first step in this is the
appointment of a Business Manager. With the assistance of the
Business Manager, the Board wiil develop a business plan to
complement the recently revised strategic plan. This will be
implemented in 1995/96,
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53 The Soil and Stand Management Program has been strengthened
by the appointment of a scientist to model stand development
{Dr Michael Battaglia will commence duties during September).
This will provide a focus for the use of information collected by
the program and provide an output of direct relevance to the
industry since it will allow improvements in stand management
and predictions of the benefits of modified silvicultural
practices.

The flexible resources allocated to the Resource Protection
Program have been increased to 20% of total flexibie funds for
1995/96 (from 14.8%). This increase will allow the strengthening
of the vertebrate browsing proiect, which is seen as a high priority,
without detracting from other projects.

The objectives of the Education and Technology Transfer Program
have been revised to better target all Australian forest growers and
to reflect the Panel’s vision as a centre of excellence in forestry.

These changes, together with further refinement of the programs
during our annual review processes, effectively address the igsues
raised by Recommendation 5 without adversely affecting the
Genetic Improvement Program {(a minor decrease in flexible funds
only), which the review committee belicved was operating
effectively.

Tabie 4
Specified personnel in the CRC

Name Organisation Preportion of time
in the CRC

Prof Jan Reid University of Tasmania (G.5
Director

Dy Phil West (CSIRO, Division of Forestry {0.8)
Deputy Director {untii Feb 1995}

D Nuno Borratho University of Tasmania (1.0
Manager,
Genetic Improvement Program

Mr Robin Cromer CSIRO, Division of Forestry (0.4)
Manager,
Soil and Stand Mapagement Program

Dy John Madden University of Tasmania (0.3}
Manager,

Resource Protection Program

Pr Neil Davidsen University of Tasmania {1.y
Manager,
Education, & Technology
Transfer Program
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1312.
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in Tasmania. For. Ecol. and Manage. 12, 21-29

Voiker PW, Owen IV and Borralho NMG (1994). Genetic variance
and covariances for frost tolerance in Eucalyprus globulus
Labili. ssp. globuluy and E. nitens {(Deane and Maiden) Maiden
at different temperatures. Silvae Genetica 43, 366-372.

In press
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characteristics in genetic evaluations of open-pollinated
progeny from a Fucalyptus globulus base population, New
Forest.

Jordan GJ, Borralno NMG, Tilyard P and Potts BM (1994).
Identification of races in Eucalyptus globulus ssp. globulus
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Genetica,

Hardner CM and Potts BM (1995). Inbreeding depression and
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globulus, Silvae Genetica.

Hasap O and Reid JB (1995). Reduction of generation time i
Fucalyptus globuius. Plant Growth Regulation.
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Hodge GR, Volker PW, Potts BM and Owen JV (1995). A

* comparison of genetic information from open-pollinated and
control-pollinated progeny tests in two eucalypt species. Theor.
and Appl. Gen.

Nesbitt KA, Potts BM, Vaillancourt RE, West AK and Reid IB
(19938). Partitioning and distribution of RAPD variation in a
forest tree species, Eucalyprus globulus (Myrtaceae). Heredity.

Conference publications
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model methods (BLUP) in tree breeding strategies. In
‘Bucalypt Plantations: Improving Fibre Yield and Quality’
{Eds. B.M. Potts, NNM.G. Borralho, J.B. Reid, R.N. Cromer,
W.N. Tibbits and C.A. Raymond). pp. 141-145. Proc.
CRCTHF-IUFRO Conf., Hobart, 19-24 Feb, (CRC for
Temperate Hardwood Forestry: Hobart).

Borrathe NMG, Jarvis SF and Potts BM (1995 Multivariate
restricted maximum likelihood estimation of genetic parameters
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popuiation in Australia. In ‘Bucalypt Plantations: Improving
Fibre Yield and Quality’ {(Eds. BM. Potts, NM.G. Borralho,
LB. Reid, R.N. Cromer, W.N. Tibbits and C.A. Raymond). pp.
230232, Proc. CRCTHF-TUFRO Conf., Hobart, 19-24 Feb.
{CRC for Temperate Hardwood Forestry: Hobart).

Chambers P, Borralho NMG, and Potts BM (1995}, The genetic
control of survival in Eucalyprus globulus ssp. globulus and
implications for selection. In ‘Bucalypt Plantations: Improving
Fibre Yield and Quality’ (Eds. B.M. Potts, N.M.(G. Borralho,
IB. Reid, R.N. Cromer, W.N, Tibbits and C.A. Raymond}. pp.
233-234, Proc. CRCTHF-IUFRO Conf., Hobart, 19-24 Feb.
(CRC for Temperate Hardwood Forestry: Hobart).

Dungey HS, Carnegie Al, Ades PK, and Potts BM (1995). Genetic
variation in Eucalyprus nitens, E. globulus and their Fy hybrid
to damage by Mycosphaerella leaf disease. In ‘*Eucalypt
Plantations: Improving Fibre Yield and Quality’ (Eds. B.M.
Poits, NM.G. Borraltho, 1.B. Reid, RN, Cromer, W.N. Tibbits
and C.A. Raymond). pp. 235-236. Proc. CRCTHF-IUFRO
Conf., Hobart, 19-24 Feb. (CRC for Temperate Hardwood
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Dungey HS, Potts BM, Whitham TG and Mormrow PA (1994).
Plant hybrid zones as centres of biodiversity: Evidence from
Eucalyprus. 1n 'Conserving Biological Diversity in Temperate
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Forest Ecosystems - towards sustainable managemepy
(Proceeding of a conference held in Canberra, 4-9 Dec | 994y,

England N and Borralho NMG (1995). Heritahility of rocting
success in Euwcalyptus globulus stem cullings. In ‘Eucalyp
Plantations: Improving Fibre Yield and Quality’ (Eds
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‘Bucalypt Plantations: Improving Fibre Yield and Quality’
(Eds. B.M. Potts, NM.G. Borralho, J.B. Reid, R.N, Cromer,
W.N. Tibbits and C.A. Raymond). pp. 379-380. Proc.
CRCTHE-IUFRO Conf., Hobart, 19-24 Feb. (CRC for
Temperate Hardwood Forestry: Hobat).

Volker PW (1995). Evaluation of E. nitens and E. globulus for

commercial forestry. In ‘Bucalypt Plantations: Improving
Fibre Yield and Quality’ (Eds. B M. Potts, N.M.G. Bosralho,
1.B. Reid, RN, Cromer, W.N. Tibbits and C.A. Raymond). pp.
222.225. Proc. CRCTHF-IUFRO Conf., Hobart, 19-24 Feb.
{CRC for Temperate Hardwood Forestry: Hobart).

Vaillancourt RE, Potts BM, Watson M, Volker PW, Hodge GR,

Reid JB and West A (1995). Prediction of heterosis using
RAPD generated genetic distances between Eucalyptus globulus
trees. In ‘Bucalypt Plantations: Improving Fibre Yield and
Quality’ (Eds. B.M. Potts, NM.G. Borralho, 1.B. Reid, R.N.
Cromer, W.N. Tibbits and C.A. Raymond). pp. 433-436. Proc.
CRCTHE-TUFRO Conf.,, Hobart, 19-24 Feb. (CRC for
Temperate Hardwood Forestry: Hobart),

Vaillancourt RE, Potts BM, Manson A, Eidridge T and Reid JB

(1995). Using RAPDs to detect QTLs in an interspecific Fy
hybrid of Eucalyprus. In 'Eucalypt Plantations: Improving
Fibre Yield and Quality” (Eds. B.M. Potts, NM.G. Borralho,
1.B. Reid, R.N. Cromer, W.N. Tibbits and C.A. Raymond). pp.
430-433. Proc. CRCTHE-TUFRO Conf.,, Hobart, 19-24 Feb.
(CRC for Temperate Hardwood Forestry: Hobart).

Wei X and Borratho NMG (1995). Genetic parameters for growth

traits in four-year-old Eucalyprus urophylla progeny wial. In
‘Bucalypt Plantations: Improving Fibre Yield and Quality’
(Fds. B.M. Potts, NM.G. Borralho, 1.B. Reid, R.N. Cromer,
W.N. Tibbits and C.A. Raymond). pp. 252-233. Proc.
CROTHF-IUFRO Conf., Hobart, 19-24 Feb. (CRC for
Temperate Hardwood Forestry: Hobart).

Unreferred publications
Borratho NMG (1994). New challenges for an old problem:

prediction of breeding values. JIUFRO Newsletter 1, 10-12.

Hartney VJ, Headley SY and Svensson JGP (1994). Progress

Report No. 1 on Improved Micropropagation Procedure (IMP),
Held as a commercial-in-confidence document.
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Jarvis SF and Borralho NMQG (1995). The STBA Cooperative
Breeding Strategy for Eucalypius globulus and E. nitens. A
joint technical report by the Southern Tree Breeding
Association and the Cooperative Research Centre for Temperaie
Hardwood Forestry.

Jordan GJ, Potts BM, Hardner C, Meshitt KA and Beid JB {19935,
Genetic diversity, population structure and conservation of
Eucalyptus globulus ssp. globulus. (Research Report,
Tasmanian Forest Research Council; Hobart). 137 pages ( in
press).

Raymond CA (1994). Provenance variation in the CSIRO
Eucalyptus  delegatensis trials at ages 6 and 12. CSIRO
Division of Forestry, User Series Report No. 14.

Refereed publications

Misra RK (1994). Assessment of errors in nutrient analyses of
roots. Aust. J. Soil Res. 32, 1275-1286.

Smethurst PJ and Nambiar EKS (1995). Changes in soil carbon
and nitrogen during the establishment of a second crop of
Pinus radiata, For. Ecol. Manage. 73, 145-155,

Turnbull CRA, Beadle CL, West PW and Cromer RN {1994).
Copper deficiency a probable cause of stem deformity in
fertilised Eucalyptus nitens. Can. J. For. Sci. 24, 1434-1439,

Turvey ND and Smethurst PJ (1994). Soil types as classes for
managing the nutrient status of planted Pinus radiata in
Victoria, Australia. Aust, For. 87, 148-156.

Turvey ND and Swmethurst PJ (1994), Nutrient concentrations in
foliage, litter and soil in relation to wood production of 7- to
IS-year-old Pinus radiata in Victoria, Australia. Aust. For. 57,
157164,

In press

Cromer RN (1994). Silviculture of eucalypt plantations in
Australia. In ‘Nutrition of Ehe Hucalypts' (Eds. P Attiwill and M
Adamg), CSIRO Melboume.

Kriedemann PE and Cromer RN (1994). The nutritional
physiclogy of the eucalypts. In 'Nutrition of the Eucalypts'
(Eds, P Attiwili and M Adams). CSIRO Melbourne




CRC for Temperate Hardwood Forestry « Annual Report 1994/95 71

Misra RK and Rose CW (1995). An examination of the
relationship between erodibility parameters and soil strength.
Aust. J. Soil Res. 33.

Sands PJ (1995a). Modelling canopy production. 1. Optimal
distribution of photosynthetic resources. Aust. J, Pl. Physiol.

Sands PJ (1995b). Modelling canopy production. 1. From
single-leaf photosynthetic parameters to daily canopy
photosynthesis. Aust. J. Pl Physiol.

Sands PJ and Smethurst PJ (1995). Modelling plant growth in
Ingestad units using Michaelis-Menten-like nutrient-uptake
kinetics. Aust. J. Pl Physiol.

Voit, EQ and Sands, PI (199352). Modelling forest gr{}wth i3
Canonical approach. Ecological Modelling.

Voit BO and Sands PJ (1995b). Modelling forest growth. II
Biomass partitioning in Scots Pine. Ecclogical Modelling.

West PW (1994). Application of regression analysis to inventory
data with measurements on successive occasions. For. Ecol
Manage

West PW and Osler GHR (1994). Growth response to thinning and
its relation to site resources in Eucalyptus regnans F.Muell,
Can. J. For. Res.

Conference publications

Beadle CL., Honeysett JL, Turnbull CRA and White DA (19935).
Site limits to achieving genetic potential. In ‘Bucalypt
Piantations: Improving Fibre Yield and Quality’ (Eds,
B.M. Potts, N.M.G. Borratho, 1.B. Reid, R.N. Cromer, W.N,
Tibbits and C.A. Raymond). pp. 325-330. Proc.
CRCTHF/IUFRO Conf., Hobart, 19-24 Feb. (CRC for
Temperate Hardwood Forestry: Hobart).

Cromer R, Smethurst P, Turnbull C, Misra R, LaSala A, Herbert A
and Dimsey L (1995). Early growth of eucalypts in Tasmania
in relation to nutrition. In "Bucalypt Plantations: Improving
Fibre Yield and Quality (Eds. B.M. Potts, N.M.G. Borralhgo,
LB, Reid, RN. Cromer, W.N. Tibbits and C.A. Raymond). pp.
331-335. Proc. CRCTHF-IUFRO Conf., Hobart, 19-24 Feb.
{CRC for Temperate Hardwood Forestry: Hobart). '

Davidson NI, Battaglia M and Beadle CL (1995) Photosynthesis of
Eucalyptus nitens is reduced by mild frosts. In ‘Bucalypt
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Plantations: Improving Fibre Yield and Quality’ (Rgg
B.M. otts, N.M.G. Borralho, J.B. Reid, R.N. Cromer
W.N. Tibbits and C.A. Raymond). pp. 339-343, F'ru-::j
CRCTHF/UFRO Conf., Hobart, 19-24 Feb. (CRC fqo,
Temperate Hardwood Forestry: Hobart).

Pinkard L, Beadle CL and Davidson NJ (1995). Changes in crown
productivity and stem growth of Eucalyptus nitens in responge
to green pruning. In ‘Huacalypt Plantations: Improving Fibre
Yield and Quality’ (Hds. B.M. Potts, N\M.G. Borralho, 1B,
Reid, R.N. Cromer, W.N. Tibbits and C.A. Raymond). pp. 377-
378. Proc. CRCTHFIUFRO Conf., Hobart, 19-24 Feb. (CRC
for Temperate Hardwood Forestry: Hobart),

Sands PJ (1993). Speculations on modeiling eucalypt pulp-wood
quality. In Eucalypt Plantations: Improving Fibre Yield and
Quality {Eds. B.M. Potts, NM.G. Borrathe, 1B, Reid, RN,
Cromer, W.N. Tibbits and C.A. Raymond). pp. 136-139. Proc.
CRCTHF-IUFRO Conf., Hobart, 19-24 Feb. (CRC for
Temperate Hardwood Forestry: Hobart).

Wiiliams MD, Beadie CL., Turnbull CRA, Dean GH and French §
(1995). Papermaking potential of plantation eucalypts. In
‘Eucalypt Plantations: Improving Fibre Yicld and Quality’
(Eds. B.M. Potts, NM.G. Borralho, 1.B. Reid, R.N. Cromer,
W.N. Tibbits and C.A. Raymond}. pp. 73-78. Proc.
CRCTHFAUFRO Conf., Hobart, 19-24 Feb. {(CRC for
Temperate Hardwood Forestry: Hobart).

Unrefereed publications

Smethurst PJ, Herbert AM, Dimsey LM and Holz GK (1994).
Fertiliser effects on soil solution nitrogen and phosphorus in a
eucalypt treefarm. Proceedings, 'Soils Ain't Soils, What's
Special About Krasnozems? (Eds. Fulton, A and Sparrow, L),
Australian Institute of Agricultural Science National
Conference and Workshop, Ulverstone, Tasmania, 5-6 Sept.
1994, pp. 134-136.

Teixeira PC and Misra RK (1994). Erosion-deposition potential
and nitrogen loss characteristics of Krasnozems. Proceeding’
‘Soils Ain't Soils, What's Special About Krasnozems? (Eds.
Fulton, A and Sparrow, L), Australian Institute of Agricultural
Science National Conference and Workshop, Ulverstone.
Tasmania, 5-6 Sept. 1994, pp. 139-141,

A

White DA, Beadle CL, Honeysett JL and Worledge D (1994a).
Stomatal conductance of Fucalyptus globulus and E. nitens iv
irrigated and rainfed plantations. In ‘Australia’s Tree Species
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Research in China' (BEd. AG Brown)., ACIAR Proceedings No.
48, Canberra, pp. 56-63.

White DA, Beadle CL, Honeysett JL and Worledge D (1994b).
The effect of drought stress on height, diameter and leaf area
index of Eucalyptus globulus and E. nitens, In 'Austrahia’s Tree
Species Research in China' (Ed. AG Brown), ACIAR
Proceedings No. 48, Canberra., pp. 71-76.

Refereed publications

Greener A and Candy SG (1994). Effect of the biotic insecticide
Bacillus thuringiensis, and a pyrethroid on survival of predators
of Chrysophtharta bimaculata (Olivier) (Coleoptera:
Chrysomelidae). J. Aust. Ent, Soc. 33, 321-324.

Greener A and Candy SG (1995). Effect of the biotic insecticide
Bacillus thuringiensis on predators of Chrysophtharta
bimaculata: reply. J. Aust. Ent. Soc, 34, 99-100.

Li H, Madden JL and Davies NW {1994). Variation in leaf oi} of
Eucalyptus nitens and E. denticulata. Biochem. Syst. Ecol. 22,
631-640.

Li H and Madden JL. (1995). Analysis of leaf oils from a
Eucalyptus species trial. Biochem. Syst. Ecol. 23, 176-176.

Marsh NR and Adams MA (1995). Decline of Eucalyptus
tereticornis near Bairnsdale, Victoria: Insect herbivory and
nitrogen fractions in sap and foliage. Aust. J. Bor. 43, 39-50.

Mensah RK and Madden JL (1994). Coenservation of two predator
species for biological control of Chrysophtharta bimaculata
{Col.: Chrysomelidae) in Tasmanian forests. Entomophaga 39,
71-83.

Steinbaver MJ and Clarke AR (1995). Xenoencyrtus hemipterus
(Girault) (Hymenoptera: Encyrtidae), an egg parasitoid of
Coreidae in Tasmania. J. Aust. Ent. Soc. 34, 63-64.

Steinhaver MJ and Davies NW {1995, The defensive secretions of
Amorbus obscuricornis (Westwood), A, rubiginosus (Guérin-
Meéneville) and Gelonus tasmanicus (Le Guillou) (Hemiptera:
Coreidae). J. Aust. Ent. Soc. 34, 75478,

In Press

Clarke AR (1995). Integrated pest management in forestry: some
difficulties in pursuing the holy-grail. Aust. For.
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Clarke AR and Walter GH (1995). ‘Strains’ and the clissicy
biological control of insects. Canad. J. Zool.

Hunt AJ, Gullan PJ and Reid CAM (1995). Chrysomelidae
{Coleoptera} and other phytophagous insects in a plantation f
black wattle, Acacia mearnsii de Wild., in south-easter
Australia. J. Aust. ent. Soc.

Li H, Madden JL and Potts BM (1993). Variation in volatile oilg of
the Tasmanian Eucalyptus species. 1. Subgenus Monocalyptys,
Biochem. Syst. Ecol.

Li H, Madden JL and Potts B M (1995). Variation in volatile oils
of the Tasmanian FEucalyptus species. II. Subpenus
Symphyomyrius. Biochem. Syst. Ecol.

Steinbauer, MJ (1995). A note on manna feeding by ants. J Nat
Hist.

Theses submitted

Chambers P {1994). An examination of the natural variation and
genetic control of survival in Eucalyptus globulus ssp. globulus,
and the implications of incorporating survival in selection. BSt
Hons Thesis, Depariment of Plant Science, University of
Tasmania. (supervisors B Potts and N Borralho),

Dingle J (1994). Interactive effects of salinity and waterlogging on
temperate eucalypt species. BSc Hons Thesis, Department of
Plant Science, University of Tasmania. (supervisor N Davidsonl

Jackson M (1994). Microbial degradation of a plant growth
retardant - paclobutrazol. BSc Hons Thesis, Department of
Agricultural Science, University of Tasmania. (supervisal
J Reid).

Loughhead S (1995). Variation in seed and seedling traits If
Eucalvprus amygdalina: magnitude, distribution and ecological
correlates. BSc Hons Thesis, Department of Plant Scienct
University of Tasmania. (supervisors M Battaglia and
N DPavidson)}.

Ogbourne S (1994). Differential display as a means of identflying
differentially expressed genes between juvenile and matul®
foliage of Eucalyprus globulus. BSc Hons Thesis, LII'-&=|:H'IF|“"""”l
of\Plant Science, University of Tasmania. (supervisor J Reid)-

Sale M (1995). DNA markers in Eucalyptus. PhD Thesis
University of Tasmania, (supervisor A West).
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Wei X (1994). Effectiveness of artificial selection with particular
emphasis on Eucalyprus. Ms. Qual. Thesis, Department of
Plant Science, University of Tasmania. (supervisor N Borralho).

Unrefereed publications

Davidson NJ (1994), The effect of waterlogging on vegetation on
the shores of Lake St. Clair. Consultancy report to the Hydro
Electric Commission,

Davidson NJ (1995). Managing vegetation on the shores of Lake
St. Clair with elevated lake levels. Consultancy report to the
Hydro Electric Commission.
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Conferences/Symposia

Davies NW, Ross JJ, Hasan O and MclLean S (1994). Peas,
Possams and Positive Tons. The Australian and New Zealand
Society for Mass Spectrometry Inc, T4th Annual Conference.
Program and Abstracts, 13-17 February, LaTrobe University,
Melbourne, P THS6

Dungey HS and Potts BM (1994). The response of insect taxa to
host Fucalyptus hybrids in an experimental field trial,
Presented at the Australian Entomological Society Annual
General Meeting and Conference, Adelaide, 24-28 Sept. 1994,
(Prize for best presentation).

Neshbitt KA, Potts BM, Vaillancourt RE, West AK and Reid IR
(1995). RAPD variation in Eucalyptus globuius (Myrtaceae),
Presented at the CRCTHPF- IUFRO Conference “Bucalypt
plantations: Improviag fibre yield and guality’. 19-24
February 1995.

Sale M, Potts BM and West A (1994}, Assessing genetic
relationships in Fucalyprus by molecular methods.
Proceedings of the 38th Annual Conference of the Asustralian
Society for Biochemistry and Molecular Biology, Gold Coast,
Australia,

Vaillancourt RE, Nesbitt KA, Jordan GJ, Reid JB and Potts BM
(1994). Conserving genetic diversity of Eucalyptus globulus
ssp. globulus. Presented at the International Forest Biodiversity
Conference, Canberra, Australia,

Vaillancourt RE, Potts BM, Manson, A and Reid B (1994).
Detection of QTLs in a Eucalyptus gunnii x E. globulus ¥y
using a RAPD linkage map. Proceedings of the International
Wood Biotechnology Symposium, (Ed. N. Morohoshi}, Tokyo,
Japan pp. 63-70.

Conferences/Symposia

Battaglia M, Loughhead S and Beadle CL (1995). Photosynthetic
temperature response of Eucalyprus globulus and E. nitens.
24th Forest Products Research Conference, Meibourng,
November 1993

Davidson NJ, Battaglia M and Beadle CL (19935). Mild frosts
reduce subsequent photosynthesis in E. nirens. IJFRQ Meeting
Interactive Environmental Effects on Forest Stands'. New
Zealand, January/February 1995
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Garnett TP and Smethurst PJ (1994}, Temperature and pH effects

" on nitrate and ammonium uptake by Eucalyptus nitens.
Australian Society of Plant Physiologists Conference,
Broadbeach, Queensland, September 1994,

Misra RK and Rose CW (1994). Design and test of a soil
conservation system on the basis of erosion processes. Paper

presented at the 8th International Soil Conservation Conference,
4-8 December 1994, New Delhi.

Rose CW, Coughlan KJ, Ciesiolka CA and Misra RK (1994).
Developments in soil-erosion theory used in tropical soil
conservation projects. Paper presented at the 8th International
Soil Conservation Conference, 4-8 December 1994, New Delhi.

Pinkard L, Beadle CL and Davidson NJ (1995). Changes in crown
productivity and stem growth of Eucalyptus nitens in response
to green pruning. 34th ASPP Meeting, Broadbeach, Qid.

Pinkard L, Beadle CL and Davidson NJ (1995). Changes in crown
productivity and stem growth of Eucalyptus nitens in response
to green pruning. IUFRO Meeting 'Interactive Environmental
Effects on Forests'. New Zealand, January/February 1995.

Sands PJ and Voit EQ {1994). Parameter estimation for S-systems:
exploration of a strange terrain. Symposium on Integrative
Biochemistry, 26-29 June 1994, Barcelona, Spain,

Voit EQ and Sands PJ (1994). S-system analysis of biomass
partitioning in Scots pine. Symposium on Iategrative
Biochemistry, 26-29 June 1994, Barcelona, Spain.

West PW (1994). Forestry technology in Australia - its context and
impact. AATSE Symposium on Farming Forever: Technologies
for Better Crop Production. 25 October 1994, Adelaide, South
Australia.

White DA, Beadle CL and Worledge D (1994). Seasonal and
drought-induced variation in the tissue water relations of
Eucalyptus globulus and E. nitens, 34th ASPP Meeting,
Broadbeach, Qid.

White DA, Beadle CL and Worledge D (1995). The control by
boundary layer and stomatal conductance in an irrigated
Eucalyptus globulus tree. ITUFRO Meeting ’'Interactive
Environmental Effects on Forest Stands’. New Zealand,
January/February 1995,
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Seminars and Workshops

Pinkard 1. and Beadle C. Pruning and thinning E. niteny
plantations; effects on growth and form. Forests and Forest
Industry Council of Tasmania Workshop on "Pruning ang
Thinning for Sawlog Plantations'.

Open day at Gould’s and Creekton plantations. 'Pruning and
Thinning Plantations’. 635 participants. Organised jointly by
CRC SSM Project 1 and Forestry Tasmania under auspices of
Intensive Management Program of Forests and Forest Industry
Council of Tasmania. December 1994,

A half-day seminar series on ‘Scil Nitrogen Mineralisation’ wag
presented to CRC Industry Partners on 19 June 1995. This was
conducted in collaboration with CSIRO Division of Forestry,

Conferences/Symposia

Candy S, Baker S and Elliott H (1994). Economic impact of leaf
beetle browsing in eucalypt plantations in Tasmania. Program
and Abstracts, Australian Entomological Society 25th Scientific
Conference and AGM, Adelaide, 2528 September 1994, Poster
and abstract, p. 71.

Clarke AR, Madden JL. and Zalucki MP (19%94). Spatial
distribution of the Eucalyprus leaf beetie, Chrysophtharta
bimaculata {Olivier) (Coleoptera: Chrysomelidae). Program
and Abstracts, Australian Entomological Society 25th Scientific
Conference and AGM, Adelaide, 25-28 September 1994, Paper
and abstract, p. 26,

Clarke AR, Madden JIL and Zalucki MP (1994). Spatial
distribution of the Eucalyptus-leaf beetle, Chrysophtharia
bimaculata {(Coleoptera: Chrysomelidae). Joint Annual Meeting
of the Canadian and Manitobian Entomological Societies,
Winnipeg, Manitoba, 15-19 October 1994, Paper and abstract,
p. 23.

Elek J, Greener A and Ramsden N (1993). Effect of leaf bestle
populations on eucalypt plantations. Program and abstracts,
The A.J. Nicholson Centenary Meeting, ‘The Frontiers of
Population Ecology'. Canberra, 18-22 April 1995. Poster and
abstract, p 65,

Madden JL, Patel VS and Clarke ‘AR (1994). Eucalyptus leaf
beetle controls: Choice, concealment and weather. Program and
abstracts, Australian Entomological Society 25th Scientific
Conference and AGM, Adelaide, 25-28 September 1994, Paperl
and abstract, p 49.
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Marsh N (1994). Vertebrate browsing of Fucalyptus plantations:
* olfaction and diet selection. Chemical Signals in Vertebrates
VI, Tubingen, Germany, 17-22 July 1994. Poster.

Marsh N (1994). Vertebrate browsing of Eucalyprus plantations:
olfaction and diet selection. ECRO (European Chemoreception
Research Organisation) X1, Bios, France, 25-30 Jjuly 1994,
Poster.

Seminars and workshops

Clarke AR (1994). 'Interactions between Eucalyptus species and
their invertebrate browsers.” Invited seminar delivered in the
Department of Geography and BEnvironmental Studies,
University of Tasmania, Hobart, Tas. April 1994,

Clarke AR (1994).°Managing native insect pests in Tasmanian
eucalypt plantations, is classical IPM the answer?” Department
of Entomology, Washington State University, Pullman, WA,
U.S.A. October 1994.

Clarke AR {1994).'Use of egg parasitoids in forestry pest
management: Comments on the Canadian experience.” North
Eucalypt Technologies, Ridgley, Tasmania. December 1994

Clarke AR (1994). Eucalypt plantation forestry and insect pest
management in Tasmania, Australia’. Invited seminar delivered
at the Faculty of Forestry, University of Toronto, Toronto, Ont.,
Canada, October 1994,

Clarke AR (1994) ‘Bucalypt insects’. Public address, presented at
Lakes Head University, Thunder Bay, Ont., Canada. November
1994,

Clarke AR (1994). 'Managing native insects in native forests, an
Australian perspective’, Invited seminar delivered at the Forest
Pest Management Institute, Sault Ste. Marie, Ont, Canada.
November 1994,

Conferences/Symposia

CRCTHF/TUFRO Conference: 'Eucalypt Plantations: Improving
Fibre Yield and Quality'.

CRCTHFIUFRO Conference proceedings: “BHucalypt Plantations:
Improving Fibre Yield and Quality’ (Eds. B.M. Potts, NM.G.
Borratho, I.LB. Reid, R.N. Cromer, W.N. Tibbits and C.A.
Raymond). CRCTHF-IUFRO Conf., Hobart, 19-24 Feb, (CRC
for Temperate Hardwood Forestry: Hobart).
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Seminars, workshops and tours

CRCTHF/IUFRO pre-conference tour to forestry company
operations in Victoria and Tasmania (11-18 February 1993).

CRCTHF/IUFRO post conference four to natural populations of
E. globulus in eastern Tasmania (25-26 February 1995).

CRCTHF/IUFRG post conference tour of natural populations of
E. grandis near Coff's Harbour (NSW) and Gympie (QLD) (26
February - 4 March 1993).

CRCTHHIUFRO Conference workshops:

1) BLUP of breeding values in tree breeding (27-28 February
1995).

ii} Reproductive biology and controlled pollination (1-2 March
1995).

A workshop on pruning and thinning for sawlog plantations was
ran by Dr Chris Beadle and Ms Libby Pinkard of the Soil and
Stand Management Program for the Forests and Forest Industry
Council of Tasmania (November 1994),

A workshop on modelling of soil nitrogen mineralisation (19-22
June 1993) was run by the Soil and Stand Management
Program and consisted of a half-day of seminars followed by
1.3 days of modelling sessions and a half-day field trip.

A short course entitled*Understanding, diagnosing and forecasting
forest insect dynamics’ (18-19 January 1995) was run by the
Resource Protection Program and visiting scientist Prof Alan
Berryman (from Washington State University),

A technical training program was started in November 1994 with
two workshops, 'Basic Experimental Design’ and ‘Basic
Quantitative Genetics’, run by the Soil and Stand Management
and Genetic Improvement Programs. There were 22
participants in each workshop, including technicians and
foresters from Amcor Plantations, North Forest Products, ANM,
Forestry Tasmania, CSIRO Division of Forestry and the
University of Tasmania.
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Genetic Improvement Program

$36,000 p.a. for 3 years for an Australian Postgraduate Award
{Industry) (APA-D to study the ‘Selection procedures in tree
breeding programs to maximise profitability of Australian forestry
and pulp industry production systems’, a project supervised by
Dr N Borralho and conducted in coliaboration with ANM,

Dr Nuno Borralho was elected Chairman of the IUFRO Working
Party §2-08-03 ‘Improvement and Culture of Eucalypts’.

Soil and Stand Management

$30,000 p.a. for three years for an APA-I award to study N
mineralisation in basalt soils, a project supervised by
Dr P Smethurst and conducted in collaboration with Dr M Line,
University of Tasmania, and Dr G Holz, North Eucalypt
Technologies.

$30,000 p.a. for three years for an APA-1 award to study the use of
soil solutions as predictors of nutrient deficiencies, a project
supervised by Dr P Smethurst and conducted in collaboration with
Prof R Menary, University of Tasmania, and Dr G Holz, North
Eucalypt Technologies

$30,000 p.a. for 3 years from the Land and Water Resources
Research and Development Corporation to suppori a student in the
study of the mechanisms of competition between weeds and frees.
The project will be supervised by Dr P Smethurst (Project 3),
Dr C Beadle (Project 1) and Dr N Mendham (University of
‘Tasmania), in collaboration with a consortium of forest industries.

$40,000 p.a. from 1 October 1995 to 30 June 1997 funded by
ANM Forest Management for a project led by Dr C Beadle on
‘Optimising timing and amount of irrigation in eucalypt
plantations’.

Resource Protection

$1,500 to Dr A Clarke, from North Forest Products for research
travel to Canada.

$5,000 Dr A Clarke from CRC for Tropical Pest Management in
collaboration with Dr B Congdon (CRCTPM) for genetic analysis
of C, bimaculata.

$68,871 to Dr J Madden from Forests and Forest Industry Council
for C. bimaculata research and three PhD scholarships.
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Performance
Indicators

Genetic
Improvement

Five specific indicators were set initially for this program ang four
were already achieved or exceeded during our first three years,

a) Production of reliable estimates of heritabilities
and correlations between characters

» This indicator has been fulfilled since beritabilities fo,
commercially important characters such as growth, frog
resistance, insect susceptibility, Mycosphaerella  damage,
flowering time, etc have been determined in E. globulys,
E. nitens and E. regnans. These parameters have been
determined from confrolied crosses as well as from open
pollinated progeny where increased reliability has been
developed by the inciusion of natural stand characteristics. The
most extensive determination has been done with the CSIRD
E. globulus collection whose progeny were grown over many
sites across four states. The {irst estimates of genetic parameters
for pilodyn, wood density and rooting abilify have also bees
calenlated. A breeding plan has been developed in collaboration
with STBA for E. globulus and the economic benefit calculated.

b) Production of Iy and F; hybrid seed for field

plantings

+ The performance of E. nitens x E. globulus ¥y hybrids and the
meode of genetic conirol have been determined for growth, frost
tolerance and rooting ability.

* Fjplants from E. globulus x E. gunnii are now 30 months old
and an extensive Fy crossing program for E. globulus x
E. nitens has been completed and the plants grown for
establishment of new trials.

¢) Development of techniques for vegetative
propagation of elite material

* An improved micropropagation procedure for elite material has
been developed in conjunction with CSIRO Division of Foresiry.
This has reduced the costs involved in micropropagation
considerably, Due to the difficulty of propagating temperate
eucalypts we are examining how propagation ability can be
most cost effectively integrated into breeding strategies.

d) Reduction of generation time and determination of

gibberellin (GA) biosynthetic pathway

» ‘The GA biosynthetic pathway has been identified and the
generation interval for E. globulus reduced to 2.8 years. This
technique is now being routinely used in commercial breeding
programs. Further refinement of this technique is being carried
out.
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¢) Techniques for finger-printing eucalypts using
DNA markers .

« This goal has been achieved by the use of RAPD markers.
Further, a linkage map has been developed for £. globulus x
E. gunnii and QLT’'s have been identified for branching and
frost resistance, well in advance of project outcomes.

Due to the achievement of the major performance indicators set for
this program at the commencement of the CRC it is proposed that
new indicators be set to include:

1) The determination of breeding objectives for E. globulus and
E. nitens and the development and implementation of the use of
economic theory in making free breeding decisions.

2) Establishment of methods for the routine sampling of wood
quality traits for use in breeding programs.

3) The development of improved genetic evaluation techniques for
determining breeding for trees across sites, generations and stand
characteristics.

4} The direct involvement in eucalypt breeding work in Australia
through the STBA.

5) Determination of the feasibility of employing somatic
embryogenesis in the propagation of temperate eucalypts.

Soil and Stand a) Development of silvicultural practices for the judicious
Management management of soils and stands for the short- and long-term
management of plantation forests

+ Reductions in growth of E. nitens following pruning for clear-
wood production should be minor, as photosynthetic capacity of
remaining foliage increases.

+ Application of fertiliser to seedlings soon after planting does not
enhance early growth on a number of soil types in Tasmania.

» Cultivation of soils prior to planting favours early root
" development of planted seedlings.

+ Methods to measure soil organic matter and nutrients in soil
solution have been improved and will help to identify and
ameliorate sites of low fertility.

B) Development of process-based models to predict wood yields
under a wide range of silvicultural regimes

+ The effects of night-time frosts that do not cause visible celi
damage but reduce subsequent rates of photosynthesis in
E. nitens have been quantified and can be incorporated into
growth models.

« The circumstances when conductance and transpiration are
coupled only weakly to prevailing atmospheric conditions have
been identified and can be incorporated into growth models.
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Resource
Protection

* A new and substantially simpler model system to predict AMyg)
canopy photosynthetic production in relation to nutrient Statyg
and temperature has been developed, along with a technique 15
couple this production model to a soil water balance mode].

a) Determination of the factors that predispose trees to attack by
defoliating insects and mammals,

» It has been shown in the field that leaf colour {the amount of
red in flush) is correlated with C. bimaculata Oviposition ang
subsequent damage. It is likely, however, that colour is a
correlate, rather than the causative factor of oviposition chojee,
Elucidation of the causal factors (possibly aspects of leaf
biochemistry associated with growth and expansion) have yet to
be determined. EBarly and rapid tree growth has also been
shown to lead to lesser amounts of insect damage.

b} The development of biological control techniques to minimise
damage caused by insect herbivores

« This milestone is being reached through two separate, but
interrelated, approaches. The first is the development and
refinement of an integrated pest management (IPM) strategy to
control leaf-beetles. The IPM program uses currently available
control methods in the most economically efficient and
environmentally sensitive way to reduce pest populations. In
addition to giving immediate protection to existing plantation
estates, this strategy will form a framework into which true
biological control techniques can be incorporated.

* The other approach being taken to biological control research is
the elucidation of the biology of C. bimaculata and the
dominant predator species, Cleoborag mellyi, Tt has become
apparent over the first three years of research that much of the
previous ‘knowledge’ of these insects was (oo poorly
understood to allow immediate development of operational
biological control strategies. Rather, it has been demonstrated
that there is a strong need to understand the fundamental
biclogy of these insects o that the appropriate strategies may be
formulated. Important gains have been made over three years
in understanding the population phenology and movement of
C. bimaculata and the feeding ecology of Cl. mellyi.

) Assessment of the feasibility of breeding insect tolerant
genotypes

* It has been demonstrated that the resistance of £, regnans and
E, nitens to insect attack is a heritable trait within family lines.
A wide range of resistance classes (from highly susceptible to
highly resistant) have been shown to occur across families. With
this information it is now possible to say that breeding for insect
resistant genotypes is feasible. The commercial feasibility of
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incorporating resistance into breeding programs has yet to be
approached and will require significant consultation with the
Genetic Improvement Program and commercial end users.

d) Development of substances which inhibit or eliminate
browsing by vertebrates

* To date, only limited progress has been made towards this
milestone. Technical and experimental difficulties involved in
the project initially stowed work; however, appointment of a new
post-doctoral fellow, Dr Clare McArthur, should increase the
speed of futore research. A change in research direction of this
project will result in new milestones being developed over the
1995/96 financial year.

Education a) The number of postgraduate students trained in the specified
areas

* There are 27 PhD, five MSc, four Honours and one Graduate
Diploma with Honours students enrolled at the CRC for
Temperate Hardwood Forestry. This number exceeds our target
of 25 students in honours and post-graduate study.

b} The number of enrolments in special courses

» There are ten enrolments in the four-year degree course ‘Forest
Ecology’ and one student is enrclled in Graduate Diploma with
Honours in Forest Processes’.

¢) The quality and numbers of post-doctoral fellows and visiting
scientists attracted

* There are now six post-doctoral fellows working with the CRC,
or soon to be appointed to the CRC.

* In the Resource Protection Program, Dr Anthony Clarke has
played a key role, leading research in Projects 2 and 4 on the
control of insect defoliators and the bioclogy of other insect pests
of Eucalypius. A new post-poctoral feliow, Dr Clare McArthur,
has just been appointed to the vertebrate browsing project.

* In the Genetic Improvement Program, Dr Omar Hasan has been
identifying and quantifying gibberellins, auxins and abscissic
acid in the cambial tissue of E. globulus with the aim of
determining their effect on wood properties; Dr Jean-Noél
Ruaud started in  August 1994 on a project investigating the use
of somatic embryogenesis in vegetative propagation; Dr Allie
Muneri has accepted the position of wood scientist with Project
2; and Dr Dorothy Steane was appointed as molecular biologist
to Project 3 in April 1995,

* The "Visiting Scientist Program’ has also brought to the CRC
scientists of international standing. Dr Peter Kanowski
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Technology
Transfer

(quantitative geneticist with Oxford University, recently
appointed Professor of Forestry at ANU) visited the Centre ¢
collaborate on studies of breeding objectives for hardwoog
plantations with the Genetic Improvement Program. Prof Alag
Berryman (from Washington State University) conducted
workshop and interacted with staff and students of the Resource
Protection Program.

d) The acceptance by the forestry community of students on
completion of their studies

A Phb student with the CRC, Mr B. Greaves, suspended full-time
enrolment for a year to take up a senior management posifion
with Amcor Plantations. He has now returned to the Centre to
complete his PhD. Two scientists at Forestry Tasmania,
Mr T Wardlaw {forest pathologist) and Mr S Candy {statistician),
and a senior manager at ANM Forest Management, Mr Peter
Volker, are enrolled in PhD courses at the CRC,

a) The degree of adoption of research results by
industry

in the past 12 months, studies conducted in each of the three
research programs at the CRC for Temperate Hardwood Forestry
have led to commercially useful results which are being adopted by
industry,

L

In the Genetic Improvement Program researchers have, in
association with STBA (Southern Tree Breeding Association),
now conducted a complete BLUP (Best Linear Unbiased
Prediction) analysis of national and international trials of
E. globulus and E. nitens. The results from this analysis will
enable industrial partners to accurately select candidates for the
next generation of tree breeding.

The pilodyn is now being used generaily as a tool for indirect
assessment of wood density and thus is the first quick and.easily
employed method of measuring wood quality capable of being
used in BLUP analysis of breeding values.

Researchers in the Soil and Stand Management Program are well
advanced in the quantification of the nitrogen mineralisation of
some typical soils used for tree-farms, which will allow more
accurate determination of the timing and level of application of
fertiisers.

Scientists within the program are also in the process of
guantifying the growth effects of pruning and thinning
(supported by the Forests and Forest Industry Council) which
will allow a more accurate assessment of the impacts of these
silvicultural practices on plantations used for solid wood
producis,
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The Resource Protection Program, as well as continuing to
refine its Integrated Pest Management Program through studies
of the ecology of C. bimaculata, has three new initiatives which
could directly benefit industry partners. Firstly, strategic
plantings of E. regnans in E. nitens plantations may act as
‘trap’ trees for insect defoliators, Secondly, management of a
major defoliator, the autumn gum moth, will improve with new
research being conducted. Thirdly, progress is being made
towards developing a plantation plas that will minimise the
damage caused by vertebrate browsers.

b) The quality and relevance of technical publications
targeted to user groups

L]

During 1994/95 scientists and stodents working for the CRC
have produced 39 refereed publications, 47 unrefereed
publications and seven Honours, MSc and PhD theses. Al of
these were of direct or indirect relevance to plantation forestry
and most refereed articles are published in journals of

" international standing. Copies of these publications are

circulated amongst user groups and their existence is
highlighted in meetings and through direct contact between
CRC staff.

The Centre published, and made available at the starf, the
complete proceedings of the international conference on
‘Bucalypt Plantations: Improving Fibre Yield and Quality’
which it ran in asgsociation with the International Union of
Forestry Research Organisations {IUFRO) 1n February 19935,
The proceedings provided a valuable summary of current
thought in the subject area, as well as providing a forum to
demonstrate the excellence of the Centre, to an audience of 270
delegates from 23 countries (BEds. BM Potts, NMG Borralho,
JB Reid, RN Cromer, WN Tibbits and CA Raymond).

¢) The number of seminars, field days, short courses
and workshops organised

We have run 15 seminars, one international confereace, three
short courses and three workshops during 1994/95 which have
attracted more than 650 people to become involved in activities
of the Centre.




BUDGET

Tables:

1) In-kind contributions from partners

2) Cash contributions and expenditure

3) Summary of resources applied to activities of centre

4) Allocation of resources between categories of activities
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AMP Bullding Talephore (002 ,,
85 Colfing Street Hobart Fax {002] 34 a3 2503
GPO Box 514E HMebart 7001 DX 12T Hobap

Tasrnania, Ausirakia

Price Waterhouse »

INDEPENDENT AUDIT REPORY
TO THE MEMBERS OF THE COOPERATIVE RESEARCH CENTRES COMMITTER
REPRESENTING THE COMMONWEALTH IN RESPECT OF

COOPERATIVE RESEARCH CENTRE FOR
TEMPERATE HARDWOOD FORESTRY

Scope

We have audited the attached financial information of the Cooperative
Research Centre for the Temperate Hardwood Forestry as set out ip
Tables 1 to 4 of the Annual Report for the vear ended 30 June 1995 ag
reguired by clause 14{1)(f} of the Commonwealth Agreement. The
Directors of the Cooperative Research Centre are responsible for the
preparation and preseniation of the financial information contained
therein, and have determined that the basis of accounting as described
in Note 1 is appropriate to meet the needs of the Members of the
Cooperative Research Centres Committee. We have conducted an
independent audit of the financial information in order to express an
opinion to the Members of the Cooperative Research Centres Committee
on 1its preparation and presentation and to report on the matters
identified below in relation to the scurces and applications of the
Cooperative Research Centre for Temperate Hardwood Forestry funding.

No opinion is expressed as 1o whether the basis of accounting as
described in Note 1 is appropriate to the needs of the Members of the
Cooperative Research Centres Committee.

The financial information has been prepared for distribution to Members
of the Co-operative Research Centres Committee and for the purpose of
fulfilling the requirements of the Commonwealth Agreement., We disclaim
any assumption of responsibility for any reliance on this report or on
the financial information to which it relates to any person other than
the Members of the Cooperative Research Centres Committee, or for any
purpose other than that for which it was prepared.

Our audit has been conducted in accordance with Australian Auditing
Standards. Our procedures included examination, on a test basis, Gf
evidence supporting the amounts and cother disclosures in the financial
information. These procedures have been undertaken to provide
reasonable assurance that the Cooperative Research Centre for Temperaie
Hardwood Forestry has complied with Clauses 4, 5{1), 5(2}, 5{(3), 2(1),
2{3) and 12(2) of the Commonwealth Agreement and tec form an opinion as
to 'whether in all material respects, the financial information presents
fairly the sources and applications of funding in accordance with the
basis of accounting describad in Note 1.

g |
Qualey Carified 10 Austrasian Standard AS3861 "Q
tnternationat Standant 150 90013
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The audit opinion expressed in this report has been formed on the above
pasis and reports on compliance with the following matters:

1o The multipliers adopted by the Centre to value in-kind
contributions other than salary costs have a sound and reasonable
basis. The Researcher's Contributions for the year has been
provided at least to the wvalue for that vyear committed in
accordance with the Budget and the total value of all
contributions for the year under report equalled or exceeded the
amount of grant paid during the year. [Clause 4].

2 The Researcher has wused the grant and the Reasearcher’s
contributions for the Activities of the Centre and not for any
other purpose. [Clause 5(1}].

3 The Researcher's allocations of the budgetary resources between
Heads of Expenditure has not been lower or higher than the
allocation in the budget by $100,000 or 20% (whichever is the
greater amount) without prior approval by the Committee. [Clause
5{211].

4. Capital TItems acquired f£rom the Grant and Researcher's
Contributions are vested as provided in the Joint Venture
Agreement. [Clause 5({3}].

54 Intellectual Property in all Contract Material is vested as
provided in the Joint Venture Agreement and no Intellectual
Property has been assigned or licensed without the prior approval
of the Committee [Clause 2{1), 9{(5)1.

6. Proper accounting standards and controls have been exercised in
respect of the Grant and Researcher's Contributions and income and
expenditure in relation to the Activities of the Centre have been
recorded separately from other transactions of the Researcher.
iClause 12{2)].

Qualification

The Cooperative Research Centre for Temperate Hardwood Forestry has not
complied with the following requirements of the Commonwealth Agreement:

Clause 5(2)

The Researcher's allocations of the budgetary resources between Heads
of Expenditure has been higher than the allocation in the Budget by
$100,000 or 20%{whichever is the greater amount) without prior approval
by the Committee. Capital expenditure of $150,000C was higher than the
Budget of Nil.
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Page Three,

Clause 4 IHI

The contributions by particular Researcher’s for the year under repe
have not been provided to at least the value for that vear Commy t4,
in the budget. The Researcher’s who breached the clause are:

Rasearcher Amount Committed Amount i
$ 000 $ 0oo

University

of Tasmania 1430.5 1178.8

ANM Forest

Management 155.0 129.4

North Forest

Products 246.0 231.8

Boral Timber

Tasmania 163.0 8.4

AMCOR

Plantations 178.0 175.8

Qualified Audit Opinion

In our opinion the attached financial information présents fairly, in
accordance with the basis of accounting described in Note 1, th
sources and applications of the Cooperative Research Centre for
Temperate Hardwood Forestry funding for the vear ended 30 June 1895 a :
except for the non-compliance detailed above, the Cooperative Researc

Centre for Temperate Hardwood Forestry has complied with the required
clauses of the Commonwealth Agreement.

Qnu AM&:«

Price Waterhouse
Chartered Accountants

Hobart Steven A Hernvk
12 Seprember 1995 Partner
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CRC TEMPERATE AND HARDWOOD FORESTRY

Notes to and forming part of the accounts
Summary of significant accounting policies

All funds under the Co-operative Research Centre's control are administered through the
University of Tasmania Financial Management System (FMS).

The principal accounting policies adopted in preparing the accounts of the unincorporated
entity are detailed hereunder,

(a) Basis of accounting and principles of consolidation

The cash accounts have been prepared on the basis of historic costs. Cost in respect to the
cash contributions and expenditure is the cash sum exchanged in the financial year
determined from transactions recorded on the FMS.

In-kind amounts are the economic values of goods and services declared by each of the joint
venture partners and accepted by the entity as being valid.

{(b) Interest

Interest is calculated and paid by the University based on the monthly cash balances being
held on the FMS on behalf of the entity.

(¢) Assets and depreciation
Plant and equipment assets are recorded on the University's asset register in the name of the
entity as they are acquired, Their entire cost is expensed in the year of purchase and
depreciation is not provided for.

Capital expenditure relates to costs associated with buildings. These costs are also expensed
and depreciation is not provided for.

(d) Employee entitlements

Provision has not been made for pro-rata entitlernents to annual and long service leave.




105

PARTNER CONTRIBUTIONS




[r1go'y | |eeas  leeRe  lymis [EELS j9°€19 l6°019 |y 1€g
[Tsy8 Isver |ezar jesll |rotn | (A4 |9zt |01t | sso0-u0 1oy
00 121 $ot
g1l ¢rL €11 £'T1 vl 11 got £'7
'L 69 89 89 'L 7L €9 ¢y
Ty Zy 'y 'y ¢y 60
9'L8 658 8 €98 1'78 808 £'0L 9'81
Uyl 8¢l 961 9'¢l 81 vl 91 133
Lo
[p101.40 %
l6s€7°s goy |o1or  fszsy  foesy lrzer  lowsy  [zTew | €opg oy
o
08
oL
08
001
0§
oy
0L
0L
001
0z
174
0L
001
[EnRy 2¥D
ELATONS S6ILE66T  LG/966T  96/S661 S6H66T  Y6/E661  £6/2661 /1661 a9

106

(8,000.$ W) SUOTIRLRUO]) PULY-U] JO ISE'T POSTER]

ARISHNOA AOCMAEVH HLYHAIWHL HOH DUD

_ SISOy B SILINDS [0 L

1300

3AauY] 901A10¢ Buog
FHPBOT Y]
wOnESUAUI)) SIFYIOM
nopennyexing
IO ANATIONPOI]

SISO-U 103.43¢]

WSS HEIEA], I RaYSIM
HSS SRS d 3T IIIM
WSS BAWDS D A fequn g
WSS IRUAOE d X3 ‘spueg
WSS WOWERL S AT
WSS HEDTHER ], V S ‘erese]
WSS 1SHURDS ¥ IN WOy
WSS ELLLS N D X ‘orpesy
HA) URIUI0A], { I “COSSHIAS
as) BUDDS 0 S 'puomARy
u3p) BHEDS [ IN WG
Hat) BHEDG W I T0uoW
war) 1 RUSLS A TN ‘Aomrer]
usty TRRHIY, 3N pURH
umigoid uonnUSISI FUIDN
SATFVIVS

Ansaaoy o wOISIAKT QWIS




107

o] S esvT_Joesyi_ Jioco el 76T Nonaminoo anis-NI TvioL

Is6.99 | [ievs  [s0e6  [oci6 [Le06 sz’ Jeeeo't 006 | 49130 o101
€LET ‘ooz 0'0C oo |vey 6'€C ooz 08t nonedo[y Sanerd(y eng
00151 022 191z 112 1212 otz 9L L'961 0'LE 1500 [Eides pasnuoury
p'oR8 1’611 8911 SPIT LT € LpE Copl 9'LTl 007 speaqroA() Jvesodio)
1°LEy SIL 1°0L Lg% 389 £'¢S 0¢S 8Ly 071 SPESYIIAQ) MIMISH]
9'R0L"E 18IS |0'80S  |0'86t 9°86Y "686 086 (1189 018 uoddngAONRNSTHEPY [BROISIAK]
SEO- U0 P
saups w10y fo v, WAHLO
_ | | _ | | _ | | ropdvs mrog
TYLIVD
ERY
VIOL 86/L661  L6/9661 96/S661 S6/Y66T  PEIE6ET  €6/7661 611661
£1353304 Jo UOISIAIQ OHISD

OWISD ¢ 982 ALISHAOA AOOMAAVH ALVHIIWAL ¥OJ 2D




108

|e1e8'T

| |r9sc

18082

lesiz

fersee

jogot

| %4

|1 vze

| Leopwg 0],

001

§C

0t

601

S

g

01

U

gi

001

0g

ot

01

ot

0T

00t

oy

01

001

0s

IVIGL

BO/LG6T

L6966

96/5661

$6/7661

Pe/e661

£6/2661

2611661

LI
LLA
ddd
dd¥
WSS
WSS
WSS
WSS
WSS
ey
aly
20y
25
30y
LE Y
3
ust)
u3p)
e
Uy

Oy wnidoiy

w1 9

(5,000, Ut} SUCORLHTO]) PULK -] JO ISI} POSTE]

AXLSHAOT QOOMANVH TLVIHIWAL ¥OA DAD

HRpg N SWEHIM
ISNUS £} mmu
IBIHBDS £ I°pPEN

Juopmg § NOIAMOL
SOU0G d umorg
Pl N W ourg
ISTHRIOG pigLtic
BHWDg i 22
BAUROG W SHUSIHAL

UIpMS e Sommmry

FELIUS ], Y DBIRmS
spusng o HROOUEIEA
JSRURIG ¥ AUy

UBIORIS ], . ©) UOSUGOf

UBIDHII3, 5 By

JRPHY 0y Isupregy

UBOIEIL, I sBurwmmg)
ISRUBDS £ 18500y

PG H Aafung
BmRDG £ DI

uoypudisacy DN
SHIYVIVS
VINVINSVE 40 ALISHFAINN




108

1

forios | [Eiect JroeT Jevier Jesiir  Jives  Jewol  JOLLITNOLINSTHINGD GNDENITVIOL
B A A A T R S [o9eo 19'8p9 | #2410 110
£'919 6 £'76 <06 L'88 028 9'€8 078 Aouofy uswaderen
0'€9§ 106 £'88 9'08 8yl c'e8 008 qe’] SOUSIS TRRUD
80PC '8t o°LE 8'9¢ 8'67 9T 9zt 1'6€ 08 soeds 310
€96 gest  |oost  fewr  [esIn 8501 S0El £'961 0'Ze 1033 £307308 T
0°10¢ lo°sy T |ooy €'LE foge g0F 88y 001 noddns sogjo pdagy
VYET'T go61 |6zl |Lsst  |e'zst 'Sl 7191 £00T oLy SIOLAISS [N [RIGUIE)
9°TSL A T S T 978 6101 17zl 05T SOOIATIS DIWAPYIY
80D~ U0 P
$21LDIDS [ICL Jo % HIAHLO
loosE | | [0o loooz  [oost | | loov | rondog prog
ooz oost | woudmbo/Butpiing mon
0'0F UM 20UIS 1R[] O3 SUOITEILIPOIN IVILIAVO
lsoto’e | [rosy  Jooy  |eosy  Iguic fooee |1 Lov [rssv | 515010 % sarvpwg roy
leoer't | |test 8681 [osst  Jsivi frior fzier [evo1 | s1s0)-u0 10
906 8'38 1'/8 bl L'€8 SUOTINGLINGD JUSPNIS SOTH
1'8¢ €'LE 9°9¢ 99T 8T LS $'89 SORIIPEIY-APIYS SPISING
18 los 99 oS 'S 98 £01 A3 94807 201AT08 Suo]
0 67 67 T ¥'T 8¢ Sy vl Bugpeor 9Awy]
7T I'¢ 'z 9'[ LT L'e ¢ o1 vonesuaduo)) SINHOA
9°0¢ 6'SE Tse L'9T L'82 0'9p 1°5¢ oLl uopenuweadng
161 8yl syl Jorr 811 6'81 LCe oL ¥e1 [j01keg
TVIOL  86/L661 L6/966]1 96/S661  S6/661  ¥6/E661  €6/7661  C6/L661  Advqos mios o SIS0)-UQ 192417
VINVINS VL 40 ALISTAAINN

vraRwIse ) 10 AsIoata) 7 ofed

ANISHIOA AOOMAHVH AIVHHIWAL YOI D8



[o'RsF | losL Joaz Jorog s | R [oze [orsz | w0 ok

o561 o9 0ye (43 008 (87 0'sT oot (raar pue) ustruedsy
oo TOIGR, 03 JOI-SUORNAEECD Jse])
$Z1 091 O'vi o'zl 08 GEs 07T DOULTRJUTELH FOTLY,
G'59 0Tl o1t ol O1E gL 09 oL 5500 I[2YDA,
OEL o1t 011 0TI 00t 001 06 o1t yoddns 20530
SISO- U B
souppws wiof fo % WAHLO
[o0 | [ I | | I | | roudos mr0x
TVLIEVD
A A 2 e fo'se looz loiz | sss00-20 2 sapsopg proy
loes | [sor  Jror  |es lorit Jos los loy | swog-u0 mioL
BP0
&1 aar¥T o01Mlag Suo]
Supeo-ysasery .
oC HORESLRdUKY) SR M
(1] ¢4 gsonenunedng
oL ¥e; [jo1deg
TYIOL bﬂm&» o0 LA SIRG U0 1320T
¥ 6l 133 %43 ¢ig 7ye 06t oL ULl Kappog o,
S A BREBS § ‘voBunogey
o1 WSS P HES S § ‘usBrpeyey
0z 1D QUL $ ‘ucBupones
oy wat) BIURLS 4 oA
25 umaforg woLpUSISacY DN
TYIOL SG/LE6E  LG/9661  OB/S66T  SHPE6T  POEE6T  E&TE61  T6/i66l B %
- SHTIVIVS
Lt i
A (5,000 1Y) SEOUNGLINOC]) PUTY-U] JO ISTT PasHiIe)}
INTIWADYNYIE LSTHOL WNV

ANLSTHOL AOOMAIVH AIVHAIWAL HOH DUD




pae lo8zs | lese  Jest isyL 8601 ool le'6s lovo | s1s00-u0  sopvpg 1o
l0°€9 | [€2 ¢t log leez 5o los 09 | s00-u0 w10y,

BYPO

AR DOIAIDS U0

SumpeoT savo]

uoREsUAd0)) SIYICM

vonenuueradeg

Xey [loshed

Lipios 10101 fo 35, SISO-RO 102.45()

losor | lete  [6Lo s Jros |rvo lLgs |o'ss | Kiopog mrox
€ usty 1sRU0S [ gous]
6 usn) SRS D we(
§ udp) BHUWDS W 1esed
91 ush) EBIOWYORY, ( ssofmy
< LEy) VBRI, ¥ ohof
¥T uany USIEE N £ uossnursey
0¢ uaDy ISHUSS M SqQt],
§1 WSS TR, O BATIO
0T WSS ISIUORG O Ziog
< dd ¥ B0 AN I pocamuaaey
o1 ddi BHUWDS asmriop
9 Uy A1e101008 g IEM
$ WPy IO %Y I poomusaRy
< urpy RIS (1 2mrop
1) Hrpy nivwey v nosoramf
DD «%nﬁ%@u& rcwwﬁw%whwmw AUIBN
TVIOL B6/LE6T L6966 96/S661  S6/V661  P6/E66T  £6/T661 To/t661  aun o

SATEVIVS

(5.000.$ W) STORNQIILCD) PULY-U] JO IST] PISULGH
SIDRAOYS LSHYOT HIHON



112

Eoer | Foc_Poc Joost Jsiec Jooor st il NOLLOSIMANOD GNIYNITVEOL
[€ve8 | Ivser sz leser fozan Jrszr |4 €01 loo1 | w0 o1
00y 00V 1990
08 08 suouradx;]
ey $68 [958 |gss  |Los 8'¢8 965 euonessdo
1€ I T 181 951 00z QI 9030
T8y ey ey Ty 0L v 9 08t voddng 20510
o€l g Jew lewt feu Ll T 01T SPRIRIRAQ) IO PROH
SISO~ U B
SIDIVS 1D10L S0 % YAHIO
o) prog ,
TVLIAVO
VIOL BG/LG6L  LG/966L 96/SG6L S6/G6L  PG/E66T  £6/2661  TG/L66]
(5000 U5} SUONRGUILOD PULS-U] JO 15T PSTUDN]
SLONAOUA LSTUOL HLIION
&N 7 98ed XNISTHOL AOOMAUVE HLVNAIWIL 404 DUD




ez | [ost st Jror  re | RS [Eos [g68  |NoILnEmMINGD aNTH-NETVIOL
[y ] :
b
- £9b1 ¢'§ ¢'g los gy L9 9P oS a0 10§,
¢1 sjIomLtadNg
80 80 50 £0 o' FOTEUIUTRTR Tess],
Lo Lo 0 €0 oL 1500 SJOTBA
6T 67 L1 I'1 9'11 g €97 008 [evonesndp
67 67 L1 '] 1'¢1 $'EL 1’61 0°0¢ voddng eouj0
A 71 L0 <)) loe &€ 8'Y 0l SPEAHIAQ OO PESH
§1507- U B
sauwDS 101 fo 9 UAHIO
_ | C l _ _ | | _ | 1vndog oy
1 11 | _ | _ | _ | TVLIAVD
| L | los los |t loe | [zve [o'6€ | 130010 B saumpos o
losz | iz [re [zt Lo lrs frs ls's | sss00-10 w101
$'Le
BRO
loo 10 0 0T aABY] MWiATag Fuoy
0 9] 9'1 o'y Suipro] sawa
10 o1 01 0% uoHEsnadwo)) SIYIoM
0 [ 't $¢ HonEnRUURIMnG
7o ¥1 1 oL Xu) [Joxdeg
Aavros ot o SIS0 10T
T | [s¢t |3 lsy f6z | I 061 [r1¢ | Levpwg iog
g0 A R el ety 4 ‘nomSnen
[ A4 < WSS BHUSDS d ‘uom8neng
JHD WS04 F voypUSISICY FWoN
TVIOL BO/LOGGT L6661 G6/K66T  S6I66T  YOIE66T  £6/2661 76/1661  suniop

SHIYVIVS
(5.000.$ UL SEOBNGIRUOD PUFN-U] JO ISTT pasrsy

VINVINSV.E MASHINLL " TVHOS




girroot | fezsr s foest oot fi-iv1 Tsic | S | NOLLOSREINGD GNIX-NIIVIOL
TS ot |06 016 6L 1’84 9o 019 L3410 o],
9L 08¢ 08¢ OLE 60€ 0°sE 682 28 o8p (' sppumEm apoeA sunRUORRINdC)
¥ 18 091 0p1 0'gl L1l 01 98 LL 78l QAR 0T
1101 061 08l 09t 941 sl Lot L6 LT (enmpesuendmba oupoddng aoyz0
1's5t 008 oL 05T £7 961 91 gt L x3 SPESISAD 0UJO PBIH
SISO O P
saupg ot Jo % WAHLO
| _ ] | I I | i pro
TVIIYD
[698¢ BETED loge  Jeus Joreo |e2s [T Ly | s1s00-u0 % sapmpog oy
(208 | [rer o gt | | 5T |86 EP | s1s05-u0 miog
JHI)
$71 I'7 0z 0T 0¢ 81 ¥t T1 re anear] LS Suory
IS 80 20 20 80 L0 50 90 T1 Burpeoy saeey
751 €7 £7 £7 £ 1z 12 §'1 $e wonesuadwo)) S1oRIoA
961 £¢ £ €€ zs 67 T T1 0% vogemmreadag ’
& 7 9y 9y 9P Sy oy €€ 8z oL xe; foskeg
Lnpsio1 o SISCI-UEG 20T
[roor | [v9o  Jrso lose  [reo  [ous [s1 96€ | &g o
Y4 uary 1RSI0 YNTISRY d ‘oquy
oF Jay IS0 Yoleosay { “9om
0§ a4 YRR, N ‘uepsmey
0 dd¥ RIS § ‘o
ol ddy CEDIS, ¥ ‘projyseq
51 ddY IMESANS 30 UAK] ‘Jory)) H ‘noms
2D wri8osy uorpruSisacy SN
TVIOL BGLEET  LG/OGST  OG/S66T  SEAGEL  PEIE66T  EG/Z66F  TEI66T  aumr
SHEAVIVS
- :
b
= {5000, UY) SUOTRQIRUC)) PUIN-UE JO ISTT pasiuiay]
VINVIAISVL AULSTIOK

AAISTHOL GOOMAYVH TLVEAIWHL YOI D8




opdv) oy

15

TVIOL B6/L66L  L6/9661  96/S66T  S6/G6T P6/8661 t6/c661 6/1661 Ul %

{8,000,8 U1} SUORNGLINO)) PULY-UJ JO ISTT PASHUDI

lyvo5 | v Jezs T8 [esL | B [1s11 loo | $1503-20 ¥ sorwpg oy,
6861 | Is9o1  [sor lzor  Jasr B |899 loo | sisop-u0 o101
BEO
9ARY'T 9o1Az0% Buor
fapeoyoaeyy
UOHESUERWO)) SISNIO M
wonenuuedng
xe] ffozded
DS 101 Jo o SISO0-UQ) 102437
lssoc | oo T l6v9  |Joeo f81¢ €18 | | &g wiog
§ ddy B 21N
¢ 4y IHUSS
§ WSS UBYI3 ],
0z WSS TROMUER],
o1 WSS SN
01 WSS SRS
74 D UBDIIERY,
SI usD) UBOIRY33],
oy usg) TELRAA],
174 {1ary ISTIR0G
o1 uon BHURS
o83 woiforg  uonpudiva

ENOLLVINVIS HOOWY

TVIIdVD

§ oweriuog
o UEEESTHI M
¥ solpddy
W rem8siny
§ oreaBuog
o HEEENTG A
Dokg
o voerddyy
W meEndsiry
$ ormiduog
J UeHNg M
DN

SHEVIVS




116

PostTowst _m.% B _m.m: _M.gw Joo _znﬂnﬂﬁzau ANTY-NI TVLOL

lzzot  Jzoor  [zss |96 1909 lo18 00 | 42410 1901
1'06C LyL TEL 8IL POL revoned;
8901 $iT 0LT '9Z 6'ST SPESRISAQ) SO0 PEIH
FWOD-wo yp
TVIOL B/LE6T  LG/966T  96/S661 S6H66T  PO/E661  €6/T661  TO/I661  SauDus niof 9% YAHLO

(3,000,$ UI) SEOTINGLIIUO]) PULY-LJ JO ISI] POSHUIdl}

SNOLLVINV I YOOIV
sooury g ofed ALLSHAOA COOMAAVH TIVVNIIHWAL ¥Od DHD




117

ATTACHMENT C

CENTRE STAFF




118

S 55 02 S/ 18101 |
gt G4 gl H HLLoMma
02 02 0¢ b5 d 2N
oV 0¥ oy Y S ENE]
eluewmse ) AllS0J04
a g G g ¢ FA Bjo L
2 G 8 L H < ‘NOLHONYN
BIUBWISEL QUL [RI08
0e 9014 §i 0 ) gci H Lo
0i 134 v ¥ ‘NOSINVT
g £ £ H P HONSYA
g g g H W “TIOMOd
8 & 8 d 0 'Ny=d
g g g 0 H { ‘UOOMNSAVH
g 0t 04 G H G313 433
1} 0¢ 0c¢ H 5 70H
¥ e ye H B NISSNINSVY
g ¢ 0¢g H Mm'sLigall
SNPOLd 159504 UMON
09 04 02 0g 09 [8iC 1
&2 g 0i 0i S¢ H o NYWHLEM
> g I 0e 13 | S "DIOVEONO
SUOHEIUR|Y JOOUNY
gL g 0i 09 S/ jeje]
ge g 0t 0¢ g€ H S NOLONKHH 9+
0¥ 0y 115 H o EIOA
NY
UOHBASIUILDY welboly uoeINpy Yoteasay | joig | pwes | weo |suil 9 jelol Ananoe
WO Lo JUBdS 9 UCESIRISWIOS U juads < uo |80 wribold ynizesoy Hre afopdizy

uo jledg %4

QO ANFNBOVILY

uc Juads o

(56/661) STOHNOSIH 44VIS HOHVYISIH




&
-
e

02 a¢ oGl 0g E 4 08 g61i R0,
G ge 3 B ‘NIMNN
G G g tu d ‘NAMOEE
g b g Y W NI
ol 0t 0t t b TDIEYIO
0t 01 o1 b H THIHSLIAM
ol ol 0t =] £ AYNSIN
0% 0t 01 H P 1SHOD
Gl 171 ol Y g T
' 0¢ (133 0e :: P 'NIQavN
og 0g 4157 H g IHOOONYTIVA
0g Ot GE 0% H r'aEd
gjusUise] jo ANSIaAUM
ce Q€8 0ge | Gie 0468 Blo]
A ce 02 H £ NIMO
02 0¢ 114 Y W HNONOW
oF o oy | H HINOEO
04 6/t GL d A CASNLHYH
GL 0L 04 | O TINANYN
04 04 174 b 0 3evad
0c 09 09 08 H o "LSHM
0ol 001 00t d O 'ONOWAVH
08 08 08 4 d 'BONVS
Ansadod ‘OHISO
LORBASIUIWPY weiboly uoReonpY yoreosey | 1044 | MBS | WD |ewl % (810] Alasioe
Ny uo juads o UOHES|BIDIEWINOD  Uo jueds o Lo (B0} Weibosd yoieesay LR sakodw
uo yeds o4 Uo ueds o,

i oo O swyoRny
{c6/r661) SAOUNOSTY Sd VLS HOHYISTY




120

Ainpe yoes uj se0inosas yers

8'g Z'E | ove [vvi|ise[syr] o000t | (%) reucissejoud jejo) jo uojlodold
g'¢ L0 _ §°0¢ _ 2'e _ L2 _ L8 __ g'le _ 810 puein
$'0 | sot Joe[seJos] orr | OHO Aq pepun jejo
g0 20 0°CL AR cr | LY 8’0t poinquiucy fejo)
we:boid wesicid useesey | 044 | pes | usn
uoensiEWRY | UolESHRIDIBUILONY ualieonpy wo |0 sieak
OHD Lo ueds U Jueds uo Jads weificld ysisesely uocsyed
siealk uoslay SIeQA UOSID 81804 UOSIBY uo Juads sieah uosiad| "Mnbe w01
Qg 0501 00¢€ | ost | oo 0014 o]
001 001 ool b SE| N G aNvILS
001 001 004 d OHISO N-'0NvNnYg
004 Qot 0Ct H 21 iUN Y IHENNN
o0t Qot 0oL Y SE[ Ay N ‘OHTvEHOE
a0l 001 ool b SE| N £'S1L0d
G001 001% 004 i SEL N X "ONVM
H R Got 001 H Se} N b VHSIN
Q0¢ 001 GOl H iSO d LSENHITANS
GSs Gs 08 001 o S84 N N ‘NOSCGIAYG
0ot 00i 001 tf se} N O HNHIHYOW
oot 001 oot d SeL N LAEN A e)
papuh) OHD
HOBASIURUDY tiesboiy UOBEORDS uosgesey | Josy | ASS | weo |ewns o4 w101 AlAnoe
DHD UO JUsds %, uolesHRIDIBWILLIOY U0 jueds 9, Ho |80} weibole uiesssy e Jehoidusy

£/ W00 O jueuyoeny

uo Juedg o

LG ueds <

{56/4661) SIOUNOSIY J4VLS HOUYHSHY




8¢}

je10],

0ei eiUeWwISe | JO AllSlaAIUn
80 OISO
(sieak uosied)
{els Jo JaqQuunyN uonesueblo

papund DHO

bt W0 D jueurdenY

[Uopesiuetio bukodwe Ag)

LA 2101
o giiewse] 10 Alsieaun
9t OHISD
't eiewse} M1S8I04
00 SGOINCESY 188104
90 $jONPOId 18804 YMON
o1 SUONEUB]G 10U
00 NNV
{sieak uosied)
#es o JequinN uonesiuebio
pemnguiiod
44VLS LHOLINS




Cooperative Research Centre for Temperate Hardwood Forestry
Locked Bag Mo. 2, Post Office

Sandy Bay, Hobart 7005 i

Tasmania, Australia 5

Tel: (002) 20 7947

Fax: (002) 20 7942 |



