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Objectives

General:

The general obiectives of the Centre are:

o undertake high-gquality scientific and techno-
iogical research which contributes to national
forestry objectives, including economic and
social development and the development of an

infernationally competitive industry sector;

to ensure that industry captures the benefits of

research and fo strengthen the links besween
research and its commercial and other applica-
tons by the active involvement of the industri-

al participants in the work of the Centre;

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

to provide relevant education and training, par-
ticularfy in graduate programs, through the
involvement of researchers from outside the
higher education system in educational activi-
ties and by involving graduate students in mazor

research programs;

to operate effectively and efficiently according
to international standards and under sound

financial control;

to ensuse staff are well motivated, appropriate-
iy skitled and work safely.

"

Specific:

The Centre aims fo become a national centre for

developing and promoting innovation in hard-
wood forestry by:

developing forest management systems to
increase wood productivity in temperate hard-
wood forests in an environpmentaily sustain-
able and responsible way;

improving the quality of wood from hardwood
forests to ensure its market suitability for effi-
cient, value added processing;

gaining a competitive advantage for
Australia’s foresiry sector over other hard-
wood producing countries;

developing a national centre of excellence for
postgraduate training with emphasis on tran-
ing graduates relevant fo the industry secior
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Chairman’s
Letter

CRC Secretariat
GPO Box 9839
Canberra City
ACT 2601

Dear Sir

 am pleased 1o present to you the 1995/96 Annual Report of the Cooperative Research Centre for
Temperate Hardwood Forestry.

This document summarises the major research and education activities of the Centre, during what has
been an extremely productive and busy year for us.

Signiftcant advances in research continue to be made in all program areas, and our post-graduate
training program has attracted over 40 students, We have also been preparing for the Centre’s Fifth
Year Review {Stage One has now been completed, with Stage Two scheduled for September 1996) and
develeping an application for a new CRC in the 1996 round, T am delighted 1o report that all partrers
in the CRC for Temperate Hardwood Forestry have readily agreed to continue their association in a
new CRC, and a number of aew partners from throughout Australia have also joined in our application.

I believe that more than any other measure, the desire by owr partners to continue and build on the
relationship that has developed over the past five years between academia, research organisations and

industry is testimony t0 the success of our Cooperative Research Centre.

Yours sincerely

gy

i

Jobhn Kerin
Chairman

22 Fuly 1996



Director’s
Report

"This year has again been ene involving substantial
challenges and sigmificant achievements.

We underiook the first stage of the crucial Fifth Year
Review which wilt determine the future of the Centre
after the completion of s initial seven year contract,
This review examined, for the CRC Commiitee, the
complete scientific and technical functions of the
Centre over the fisst five years and the prospects for
the fast two years of our contract. The review panel
Mike Carson

Biotechnology Division of the New Zealand Forest

consisted of Dr {Manager,
Research [nstitute), Professor Roger Sands (Head of
the New Zealand Schoot of Forestry, University of
Canterbury), and My Jan Whyte (Chief Executive of
the Forest Industries ‘Assoc.%azicz} of Tasmania).

The roview was strongly supportive of the scientific
and technical aspects of all programs in the Centre
and stated that the CRC “must be rated as a very
successful example of co-operative research involving
sraditional research providers and indusiry. The
quality of the CGenetic Improvement and Education
and Technology Transfer programs in parlicular, has
been outstanding”™, This report provides a major inpat
o the second stage of the Fifth Year Review which
wili foeus on technology transfer. The second slage
will occur in early September 1996 and will also

exatnine our apphication for renewed funding.

After extensive discussion with forestry organisations
throughout Australia, it was decided that our
application for a new (RC would have a broader
focus than the current CRC for Temperate Hardwood
Forestry. There was enthusiasm from our current
partners and from a sumber of potential new members
for the proposal to be broadencd to include work on
softwoeds and tropical and sub-tropical environments,
Hence, the proposed new CRC will be titied the
Cooperative Research Centre for Sustainable

Production Forestry.

The research of the current Centre has continued to

expand during 1995/96 in all three program arcas -
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Genetic Improvement, Soil and Stand Management
and Resource Protection. This is best seen by the
increase in technology transferred to our industry
partners, either directly via seminars, workshops or
technical publications, or via the Southern Tree
Breeding Association, and by our enhanced
publication rate. ‘This latter point is emphasised by
the increase in publications from 23 in 1992 10 97 in
1995, The level in 1992 reflects rescarch output by
the partiers prior to the development of the CRC,
while the 1995 level shows the synergy created by
fully integrated cooperative research,

The Education and Technology Transfer program has
also continned fo grow with 41 research students
currensty in the Centre, A further satisfying aspect
has been the ability of cur graduates to find
employment in the industyy on, or prior to, the
completion of their degrees, The Centre is also
reaching an ever widening audience with its message
of the benefits of technological developmenis in the
forestry industry. For example, a Royal Society of
Tasmania Symposism ‘The Scarch for New
Techsology in Australian Foreslry® is organised for
mid July with an audience comprising indusiry
persosnel, representatives of conservation
organisations, the general public and Society

members,

There have been numerous staffing changes during the
year, with two highlights being the appointment of
Dr David de Little from North Forest Prodacts
research unit, North Bacalypt Technologies as the
Deputy Director and Mrs Jan Lynch as our Business
Manager. The Iatter appointment has resulied in the
development of a detailed Business Plan and major
changes to our Strategic Plan and inteliectual

property decumentation.

s

Prof fames B Reid
Birector
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The Board

The Board of Management of the CRC is comprised of
an independent Chairman, the Director and Deputy
Director of the CRC and the Chief HExecutive {or
representative} from each participating organisation.
The Board detennines policy and sets guidelines for

the efficient running of the Centre.

Dy Bavid de Little has been appointed Deputy Director
of the Centre replacing Dr Philip West,

Strecture

The Management Structire of the CRC is headed by
the Board and links are depicted in Fig. {. Operation
of the four programs is directed through three
comunittees: the Management Committee, the Indusiry
Research Committee and the Scientific Review

Commitiee.
Management Committee

The Management Committee coordinates the day-to-
day running of the CRC and is comprised of the
Execcutive Officer {Adminisirative Officer and
Business Manager), Program Managers, the Director

and the Beputy Divector.

Mrs Shelley Caswell
Administrative Officer £
Mrs Jan Lynch

Business Manager

Prof Jim Reid
Director My Geoff MeArthur
Dr David de Little Manager

) Bunnings Treefarms
Beputy Director

DBy Nuno Borralhe
Genetic Improverment Program
Mr Robin Cromer
Soil amd Stand .Maaageme'rii Program
Dr John Madden
Resource Protection Program
Dy Neil Davidson

Hducation and Technology Transfer Program

CRC Board members

Prof Jn Reid
Dipcctor

Mr Jolin Kerin
Chalrman

Dr David de Listle
CRC Deputy Directar Pro-Viee Chancellor
Manager Eucalypt Research  {Research)

North Eucalypt Technologies  University of Tasmania

Prof Pip Hamikon

— -

Mr John Cameron Mr Allan Jamieson

Manager Manager
Group Development North Eacalypt
Ameor Technologies

i 4
Dr Glen Kile My Ken Felton
Chief CGeneral Manager |
CSIRO Forestry & Forest Forest Management
Products Forestry Tasmania

My Neii Humphroys
Genersl Masager
ANM Forest Management

Mr Ross Waining
Manager
Boral Timber Tasmaniz
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The Scientific Review Committee

The Scientific Research Commitiee reviews projects i
each research program. It performs the role of
monitoring the quatity of the research conducted at the
Centre for the Board znd is compesed of ouiside
experts in each of the research program areas. Its

members age:
Dr Russell Haines
Director, Queensiand Forest Research Institute
{Genetic Enprovement}
Dy Sadanandan Nambiar
Chief Research Scientist,
CSIRO Forestry and Forest Products, Canberra
(80il and Stand Management)
br Lindsay Barten Browne
Honorary Fellow,
CSIRO Division of Entomology, Indooroopilly

(Resource Protection}

Flgure 1 Management Structure

Board
Directorf
Drepaty Director
Scientific Indusiry
Review Research
Committee Committee
Management
Comsmnitiee
— 1 |
Uenetic Soil and Stand Resource Educatian asd
Provement Management Protection Technology
AL Program Frogrm ‘Transfer Program

Industry Research Commitiee

The Industry Research Committee is comprised of
senior research scientists from all participating
organisations and the Management Committee and
advises the Board on the research priosities for the
Centre. This committee is chaired by a leading
industry researcher, Dr David de Little from North

Forest Products and its members are:

Mr Peter Volker
Silvicaltare Superintendent, ANM Forest
Management
Br Humphrey E#ioft
Chief, Division of S#vicultural Research and
Pevelopment, Forestry Tasmania
By David de Little
Manager, Bacalypt Research, North Bucalypt
Technologies
Mr Peter Naughton
Research and Plansing Forester, Boral Timber
Mr Philip Whiternan
Technical Manager, Amcor Plantations
M Richard Breidahi
Chief Forester, Bannings Treefarms
Prof Jimo Reid
Director, CRC-THF
Pr Nuso Berrathoe
Program Manager, CRC Genetic Improvement
My Robin Cromer
Program Manager, CRC Soif and Stand
Management
By John Madder:
Program Manager, CRC Resousce Protection
Dr Neil Davidson
Program Manager, CRC Education and
Technology Transfer
Prof Robert Hilt
Head, Department of Plant Science, University of
Tasmania
¥ Geoftrey Gartside
Co-Director, CRC for Hardwood Fibre and
Paper Science
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A new approach for selecting elite trees

The analysis of breeding trials for plantation forestry
has become a complex task, There is now a wider
range of biological tralts considered economically
important {e.g. height, diameter, stem straighiness,
puiping
characteristics, proportion of cellulose in the fibre),

branching pattern, wood density,
and more 18 known aboul the genetic control of these
biological traits and this changes with environment.
For example, trees grown from seed collected at one
geographic location {population) may grow more
rapidly than trees from other populations in a

plantation in a region of high rainfall bue be the

Map showing growth of frees In a breeding trial - warmer colours relate 1o higher growth

rates.

LHS: represents growth of irees where no account is taken of environmental gradients

{appears patehyl.

RHS: the snvironmaenial gradient {paichy}

Cenfre: varation in growth) when account is taken of snvironmental gradients funiform)
This modelfing approach aflows direct companisons of the growth rates of irees withowt
the complication of environmental influences.

slowest in growth in a plantation in a region receiving
low rainfall. Biological traits also need to he
analysed from trials of different ages and generations.
These analyses reguire very sophisticated

statistical technigues.

A masor contribution of the CRC for Temperate
Hardwood Forestry to the forestry industry has been
to adapt, from animal breeding theory, the so-called
‘Mixed Model” methods for the prediction of the
breeding value of a tree (Le, iy worth as & parent for
the next generation of plantations), ‘Mixed Model
methods can assess concurrestly a large number of
hiological traitg and take account of the differences in
pedigree and genetic controls that might apply
{additive and dominance genetic effects, inbreeding
depression} as well as changes in these fraits with

envionment.

Hetimates of genelic parameters {i.e. the degree of
mheritance} bave been conducted for a number of key
trails, such as growth and wood density, across a
number of sites in Anstralia. There has also been
considerable work on the genetic control of oiher
traits of nportance such as bark thickaess, flowering,
resistance to pests, diseases and frost, rooting ability,
and carly survival fo frost and drought. Some of the
heritabilities determined were the first published for

cucalypts on these frais.

The "Mixed Model’ methods and the resulting genetic
parameters have also been used in a national analysis
of base population trisls for the two key temperate
hardwood species in plantation Torestry, Eucalyptus
globulus and E. nitens, in collaboration with the
Southern Free Breeding Association (STBA). This
analysis has led to the determination of breeding
values For over 100,080 trees esiablished in
planations across the country, These breeding values
are now being used by the STBA and the industry in

their breeding programs.
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Breeding for wood quality

Traditionally, in forestry operations, tree breeders have
selected trees on the basis of growth rate (height and
diametery and form (straightness and branching
charactenistics).  However, the Cooperative Research
Centre for Temperate Hardwood Forestry has recently
shown that wood densily {the amount of fibre per unit
volume of a log) is one of the key factors affecting
total pulp costs (ie. there
is generally more pulpable
fibre in a log of high
density}, consequently,
breeding programs from
temperate  eucalypts

should include some

measure of wood density

in their genetic
evaluations,
Unfortunately, wood

dengily and pulp yield are
difficult and expensive
traits to measure directly.
As & cost-effective
indirect measure of wood
the CRC for

Temperate Hardwood Forestry has been investigating

donsity,

the Pilodyn, a hand-held instroment which drives a
steel plo into a tree. The conclusions from this study
were that Pilodyn penciration is under strong genetic
control, highly correlated with wood density, and
robust across sites and ages. Investigations are
proceeding to determine the potential of the Pilodyn as

a hreeding fool,

Research is now being conducted on indirect
procedures to estimate pulp yield, such as Near
Infrared Reflectance Analysis {NIRA)Y, This work is
part of a collaborative project with the CRC for

Hardwood Fibre and Paper Science,

The greater emphasis on wood properiies, and the use

of Pilodyn and NIRA measurements as an indirect

Weighing discs for wood density

source of information on wood density and pulping
properties, is expected to save the industry an extra
37.00 per tonne of pulp produced (current values),
over selection strategies relying solely on growth rate
and form. These savings are possible from a reduction
in harvesting, transport and pulping costs per toane of

pulp produced from wood of improved quality,

The CRC for Temmperate Hardwood Forestry has also
idenified important differences between E. globulus
ssp. plobulus and other subspecics of E. globudus in
wood density.  Similar studies are under way

for E. iiteny,

Wood density or Pilodyn assessments are now
incorporated in the selection criteria in the national
cucalypt breeding program coordinated by the
Southern Tree Breeding Association {§TBA) as well
as in a number of other cucalypt, pine and acacia

breeding programs in Australia and oversess,
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Advances in fertiliser practice

Nitrogen i3 naturally present in low concentrations in
the Austmalian environment, However, nirogen is an
essential element and required in large amounts to
achieve maximum growth of irees and other
agriculturat crops. Appleation of pitrogen fertiliser to
a excalypt plantation at the time of establishment or at
a later age, is a major cost to forestry colmpanies, so
the amount of {ertiliser applied and the way this

fertiliser is used by the trees is of great importance.

Research at the CRC for Temperate Hardwood

Forestry has shown that on wost recently cleared

Microslecirodes {or measuring ritrate and ammonia concentrations near the root &ip for an
£, nitens seediing

forest sites, mineralisation {release from soil organic
matter) is sufficient o malntain concentrations of
nifrogen that can sustain high growth rates of
plantations during the first two years. Application of
nitrogen fertiliser is generally only needed at a

planiaion age of three years or older.

In addition, piomeering work is being undertaken on

the uptake of nitrogen by eucalypi roots, A new

technique is being employed which uses
microelectrodes sensitive to individual jons. The
microelectrodes are oscilfated belween two radial
positions very close to the reot surface in & nutrient
selution. Differences in the concentrations of each of
the two important nitrogen coataiaing ons (aitrate and
amgnonium} at these two positons indicates the rate of

uptake by the root.

Measurements on roots bathed in ammonium nitrate
sotulions of different concentrations revealed a
complex relationship between the exiernal
concentration of ammonium and aitrate and upiake of
these ions by voung £ affens roots. The results
indicale that there are at least two distinet phases of
ammonium and aitrate uptake by young E. nirens
roots, and suggest that N supplied as ammonium will
be taken up more tapidly than if ¥ were supplied as
attrate.  Further, in some combinations of
concentrations, nitrate uptake may be suppressed in

the presence of ammonium,

These results point to ammonium as the preferred
source of nitrogen for E. aitens. Therefore the most
appropriate fertifiser to apply is urea which, soon after
application, is converted to ammonium, Urea 15 also
cheaper, and has less of an acidifyving cffect on the

soil, than alternative amenonium fertilisers.
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Controlling insect pests

The FEucalyptus leaf beetle, Chrysophtharta
Bimaculara, can consume up to 50% of the new leaf
growth produced by a eacalypt planiafion in a single
year, and by reducing stand productivity, may
increase by 2 1o 5 years the time {sken for a plantation
to reach a harvestable size. The resulting delays in
refurn o investments in plantations reduces the
profits forest companics make. Therefore, finding a
mechanism for controlling the Encalyprus leaf beetle

is mmportant to industry.

Field experiments conducted by the
CRC for Temperate Hardwood
Forestry have shown that B, regnany is
more susceptible than K. aifens o
feeding damage by the Encalvprus teaf
beetie when the two species are
planted side by side.  Genetic
differences also exist between families
{frees with the same mother i.e. grown
using seed from the same tree) of both
these species in the degree of insect

damage incurred.

The variation in susceptibility of
eucalypts 1o leaf beetle attack was not
due to plant factors nfluencing larval
growth and survival {antibiotic factors} for two
reasons. Firstly, larval growth and sgrvival in
faboratory experiments was greater on £. aitens
foliage than £. regrans although this was not refiected
in field damage. Secondly, in the field larval growth
and survival did not differ on E. regnans trees of

known differences in susceptibility.

Ie contrast, plant factors affecting the choice of a site
to lay eggs {antixenotic factors) were shown (o be
strongly linked with variation in susceptibility to
Eucalyprus teaf beetle attack. E. regnanys shoots were
prefermed over E. nitens shoots as sites for egg laying.
This response appeared o be linked to the preferential

laying of eggs by female bectles on young, expanding

leaves, and this trend could be reversed by
manipuiating the age class of leaves. E. regnans
carries a greater propostion of young leaves, and
leaves mature much more slowly than in £, nitens, so
E. regnans is preferred for egg laving. Further, when a
range of £, regnans families was assessed the final
damage score was strongly correlated with the size of
the initial cgg lay and large differences existed

hetween families. This indicates that susceptibility to

The Eucalyptus feaf beatie, Chrysophtharta Bimacubata

damage was under strong genetic control, and strongly

assoctated with the sallability of leaves for egg laying.

There are two important outcormes from these studies,
Fizstly, there is a possibility of breediag frees with
greater insect resistance. Secondly, £, regnans {which
is not a preferred species for eucalypt plantations) can
be planted within an £. nitens plantation (a preferred
plantation species) 1o deflect insect damage away
from the commercial species. The higher
concentrations of insects on the ‘trap trees’ will also

make it eagier to coniso] insect pest outbreaks.
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Cooperative
Linkages

Strategy for developing cooperative
linkages

1. Sharing of research {rials

Most CRC research is conducted using company trials,
or trials established on company land. Existing base
population frials of E. globulus and E. nitens,
established on company land before e advent of the
CRC, have been fundamental fo the guantitative
genelfic analyses of these species and have led to
determination of breeding values (value as a parent)
and genctic parameters (heritability of advaniageous
characteristics). Subsequently, genetics trials on
inbreeding and hybrid breeding have been established
on company fand and are maintained by company
partaers,  Similarly, Fertiliser and cultivation trials
which were established on company land at the outset
of the CRC with assistance from the pariners are now
a major resource in the research conducted in Soil and
Stand Managemen! projects. These have led to
recommendations on the use of excavators,
cultivation, and the rates and timiag of fertiliser
applications {see Urilisation and Application of
Researchy, The Resource Protection program has also
relied on provenance and family #rials established by
the CRC partaers for its research into geneiic

differences in susceptibility to insect predation,
2, Sharing of equipment and Facilities

To assess genetic trials for wood properties, the
Genetic Improvement program has relied on its close
refationships with companies and the CRC for
Hardwood Fibre and Paper Science (CRO-HEPS) o
provide pulping facilities and Near Infrared
Reflectance Analysis (NIRA, an indivect measure of
kraft pulp yiekd) iechiology. The companies have also
gained greatdy from access 1o the sophisticated 'Mixed
Model” techuology developed by the CRC for

quantitative analyses of genetics trials.

The gas chromatograph mass spectrometer at the
Central Science Laboratory of the Unlversity of
Tasmania has been of key importance in research on

hormonal control of Howering in cucalypts.

CSIRG/CRC facilities for analysis of nutrients
{particudarly N and P), water relations and
photosynthesis, have been of fundamental importance
to the progress made by the CRC in the Soil and
Stand Management program. The Integrated Pest
Management Program, developed by Forestry
Tasmania, was an important piece of technology
confributed {o the Centre which has been advanced
greatly by the Resource Protection program during

the Hie of the Cenme,
3, Newsletter and news sheet

Linkages are maintained by several means in addition
to the shared scientific experiments and cquipment,
A quarterly newsletter “Overstorey” which describes
CRC activities and provides updates on personnel
changes is distributed throuphous the CRC. A news
sheet, ‘Hot off the seedbed’ informs partners of new
scientific developments in the Genetic Improvement
programt. Phone, fax, E-mail and informal visits to
compatty operations are also importand in matataiing
CRC Hnkages, The CRC organises seminars, field
days, workshops and short courses which keep the
contributing organisations in vegular contact with
scientific developments {for details see Utilisation

and Application of Research),

The linkages each project has with partners and other
projects, as well as links that exist with other
organisations both nationally and internationally, are

presented in Table | (below).




Table 1

Genetic
Improvement
Project 1

Strategies for breeding
and deployment
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CRC staff

Within Centre Hinks
Nuno Borralho

National links
Nupo Borralhio
Nuno Borratho

Nuno Borratho

Internationat links
Nuno Borzathe, consultant

Nuno Borratho, consultant in g
PEDIP {major BC research grant)

Nuno Borraiho, consultant

Nuno Borralho, consuliant

Cillnboratoris)

Norih Forest Products

STBA

NSW Agriculture

QFRY, AN, and Hyne and Son

Cooperativa de Mejoramicnto
Genetico {Chile)

Sociedade Portuguesa de Celulose
{SOPORCEL)

Jaakko Péyry/Indah Kiat Pulp and
Paper

Hletcher Challenge Forests

Research

Gains of different clonal options
for depioyment of improved
B nitens

Cooperative Breeding Program

Analysis of genclic trials using
aute correlation spatial models

FWPRN & B Project coordinated
by QFRI - Breeding objectives for
sawn timber in pines

Prediction of breeding values and
development  of  breeding
strategies in Pinus radiata

Bevelopment of breeding
sirategies in cucalypts

Selection strategies for Indah
Kiat breeding program

Selection of second generation
clones

Project 2
Wouod properties

Within Cendre links
Carolyn Raymond, Bruce Ureaves
ARie Muner

Carolyn Raymond
Brace Greaves

National links
Carolyn Raymond

Carolyn Raymond

Project 3
Molecular genetics

Within Cenfre links

Resd Vailfancourt, Brad Potts,
Heidi Dungey

Caroline Mohammed

Peter Bundock,
René Vaillancourt,
Jean-No#! Ruaud,

National Hnks
René Vaillancourt

ANM Corporate Rescarch Division
{Bob Cox, Paul Banham)

Ameor Research and Techuology
Centre (Allan Famrington)

CRC for Hardwood Fibre and
Paper Science (CRC-HFPS)

CSIR0 Forest Products
faboratory, Claylon

Pulping technology

Develop a pulp mill model for
definition of breeding objectives

Investigation of wood properties
in breeding programs

Organisation of collaborative
research programs with CRC-
HFPS and CR-CTHE

CSIRO0 and Dept. of Ag. Sci,
{niv, Tas and North Eucalypt
Technologies

North Bucalypt Technologies

S, Read, CRC.BEPS

Develop o hioassay and begin the
genetic study of Mycosphaerella
resistance in E. globufus

Find molecular markers for
roofing ability in E, globulus

Map cambial-expressed genes

_ Project 4
{renetic parameters

Brad Poits

Projects 1. 3and 6

Quantifative genetics, molecular
genetics and inbreeding
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CRC stalf

Coliaboratoris)

Resesrch

Brad Potts
Paul Tiyard
Craig Hardner

Bead Polts

Brad Potts

National links
Brad Poits

CGreg Datkowski
Nugo Borralho

Brad Pos
Brad Potis, Greg Dutkowski, Nuao

Borratho

Interaationsl Hnks

North Bucalypt Technologies,
Forestry Tasmania and Boral
Timber

North Eucalypt Technologies,
ANM Forest Management

Resource Protection Program

STBA

Peter Ades and Angus Camegie,
EUniversity of Melbourne

ALK, O Connor Pty Lad and 8TBA

[istablishment of trials on
nbreeding

Review of reproductive biology of
Eucalyptus and application to
breeding

(i3 Control of sawily damage on
E. globulus, (i) .the inheritance of
susceptibility to possum browsing,
and (i} phytochemeial studies op
encalypl pest interactions

Estimation of genetic parameters
in base population trialg of

E. globubus and E. nitens and the
genetic control of self steriify

Study of the genetics of
Mycosphaerella spp resistance

Hstimation of genetic parameters
and breeding valees for Sowering
time in E. globulus

Brad Potts Cooperativa de Mejoramiento Production of 2 manual on
Peter Uore Genetico {Universidad Austral de controlfed crossing of
Chile, Valdivia, Chile) E. plobulus and E, niteny {(in
Spanish}
Project 5 Within Centre links
Vegetative propagtion | Jean-No#l Ruaud North Eucalypt Technologies, sole  Microprepagation and somatic
industry pariner with tissue culture  embryogenesis
facilities
Jean-Noél Ruaud Project 3 and North Eucatypt Finding molecalar markers for
Technologies rooting ability in E. globulus
Project 6 Within Centre links
Breeding systems and | Jim Reid Projects 1, 3and 4 Quantitative genetics, mofecular
development | Craig Hardner studies and genetic parameters
National links
Jim Reid Mike Moncur, CSIRO Forestry Hormonal contro} of flowering
and Forest Products, Canberra
Craig Hardner Asimal genetics and breediag unit,  Accounting for inbreeding in
Nuno Borralho Univ. of New England ‘Mixed Models’
Craig Hasdner North Fucalypt FTechnologies Inbreeding depression in F. aitens
Soil and Stand | Within Centre finks - Project 3, Univ. of Tas., Forestry Management of vegetation
Management Chris Beadle Tasmania, North Bucalypt competition in commercial tree
~ Project 1 Neil Davidson Fechnologies, Amgor, Boral plantations
Plant prodeciion and Fimber and ANM Forest
water use Management
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CRC staff Cottaborator(s} Research

Chris Beadle ANM Forest Management Scheduling irrigation in eucalypt
plantatioas

Chris Beadie Forestry Tasmania, Boral Timber  Development of thinning rég%mes

1.ibby Piakard for E. nitens plantations for sawn

Fane Medbusst tirnber

{harlie Turnbull

Natienat links
Chris Beadle

Chris Beadie
Neil Davidson

Project 4 and all partaers

CRC-HEPS and CSIRO Forestry
and Forest Products

Marilyn Ball, Bept of
Environnmental Mechanics RSES,
ANU

Development of empirical
reiationships for closed canopy
leaf area index (LLAY) in response
to environmental and site faciors.

Impact of avaiiable water on wood
quality, cambial development and
diameter growth of E. globulus
and E. nitens

Effects of photoinhibition and
chilling on growth of plantation.
eacaalypts

Internationl links
Peter Sands

Anmikki Mikeld, Helsinki
Eniversity, Finlan

Project2 | Within Centre links
Dynamics of carbon and | Robin Cromer Project 3 Nitrogen and phosphorus
nuirients concentrations in soils and plant
tissue
National links
Robin Cromer ANM Forest Management, North  Establishment, measurement and
AnniaSala Fucalypt Technologies and Boral  maintenance of experimental sites
Charlie Turnbull Timber
Robin Cromer Shell Ausiralia, Forest Research  Data analysis and modeliing of
Tastitute, Qld past coflaborative trigls with
CSIRO
Project 3 | Within Centre links
Nutrient supply and | Philip Smethurst Tan Newrnan and his group in the  Nitrogen uptake studies using
acquisition | Trevor Garnett Physics Dept., Univ. Tas microelectrodes
Natienal links Phil Moody, Dept Primary Use of a nuirient uptake model
Philip Smethurst Industry, Qld which incogprates soil solution P,
P busffer power and root
characteristics o evaluate P
avaiiability in several crops
Project 4 | Within Centre links all industrial pariners and Univ.
Modelling plantations | Mike Battaglia NSW Preparation of model o predict
systems | Peter Sands . site productivity
Projecis 1 & 3
Mike Battaglia Preparation of modeis on stomatal

fusction and water use, and upiske
of nutrients

Forest growth modeiling
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CRT staff

Celaborator(s}

Research

Resource
Protection

Project 1

Leat and tree factors
influencing host
locafion and attack by
insects

| Peter Sands

Peter Sands

Peter Sands

Peter Sands

Within Centre links
John Madden

Jahn Madden

Nationa links
JTohn Madden

John Madden

John Madden

Alex Shashkin, Institute of Forest
and Wood, USSR Academy of
Science, Krasnoyarsk, Russia
Harold Frists, Laboratory of Free-
Ring Research, Tuscon, Arirona,
{UsA

Eberhard Voit, Medical University
of South Carolina

Richard Waring, Dept of Forest
Science, Oregon State University

Projects 2 and 4

Forestry Tasmania & North
Eucalypt Technologies

Browsing Animal Research
Coungil
Private Forestry Tasmania

Forest Practices Tasmania

Forest growth modelling and
cambial activity

Forest growth modelling and
cambial activity

Forest growth modetling

Forest growth modelling, remote
sensing of roductivity and soil and
forest properties

Caontrol of insect defoliators and
other insect pests

Attraction of insects by coloured
traps and use of trap trees

Chairman

Board member

Board member

Project 2
Control of insect
defoliators

Within Centre Hoks
All seaff

Al partners

ltegrated Pest Management
Program

Project 3
Verfebrate browsing in
cucalypt plantations

Project 4
Biology of other
insects pests of
encalypts

Within Centre links
Clare McAsthur

National links
Clare McAsthur

Chare McArthur
Within Centre links
Zoltan Lukacs, Tony Clarke

Tara Simmnwd, Tony Clarke

National links
Zoltan Lukacs

Martin Stembaner

North Forest Products, ANM
Forest Managment

Mick Statham, DPI Launceston

Boral Timber

North Forest Products
North Eucalypt Technologies

Robert Floyd, CSIRO Div of
HEntomology Canberra

Robert Floyd, CSIRO Div of
Entomology Canberra

Studies of animal browsing in
company plantations

Use of animal tracking equipment

Studies of animal browsing

Autuan gum moth feld research
Biology of the fire blight beetle
Parasitoids of antumn gum moth

Modelling the distribution of
coreid bugs




Genetic
Improvement
Program

Project 1

Leader

Dr Nuno Borratho
Staft

Wy Kianming Waei

Mr Paul Chambers

Mr Andrew MacDaonaid

Mr Bruce Greaves
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Iatroduction

The program aims to increase the productivity of
plantations by improving the genetic guality of
planting stock, This requires two major thrusts,
Firgtly. it is necessary to identify (he characteristics
required in plantation {rees {breeding objectives)
and the existing vaviation in these characteristics
{available genetic resources). Reliable ostimates
must be made of the inheritance of these
characteristics. This information should then be
integrated using advanced statistical models so that
breeding programs can be effectively managed.
Once gesnctically superior material has been
identified, i must be transferred to planiations as
quickly as possible cither by seed or by vegetative

propagation,

Research carried out in the program has made
important contributions to our understanding of}
(i} economic aspects of breeding and breeding
decisions, (1) relations between wood properties
and the end use for the wood, (i) genetic structure
of native and domesticated popuiations, {(iv}
inheritance of traits of economic or adaptive
importance at the molecular and quantitative level,
and (v) the ability to manipulate Howering and

vegetative propagation of eucalypis,

Strategies for breeding and
deployment

Background

This project alms Lo more accurately select the elite
trees which will be mated to produce the next
generation of eucalypt planiations. 'This involves:
{1} clearly defining breeding obiectives for the puip
and paper, and sawn timber production systems; (i}
applying improved statistical models to predict the
breeding value of a tree (ils value as a parent}, using
all available information across sites, ages and

gencrations; (iif) optimising selection and crossing

programs to take into account the ecomomic

importance of different traits; and (iv) recogaising the

genetic and reproductive comstraints characteristic of

the species.

The project also provides direct support fo mdustry

partners in the bmplementation of results to their

breeding and deplovmest programs,

Outcomes

A cooperative pational breeding program for
E. globndus and E. nitens, has been developed in
collaboration with the Southern Tree Breeding
Association {STBA)Y. The program, which has
been renning since 1994 and involves most of the
major forest companies in southern Australia, I8
being managed by STBA staff located i the CRC-
THE in Hobart.

Advanced statistical techniques {mixed models)
have been adapted from animal breeding programs
and used in the genetic evaluation of trees. These
techniques have the capacily to cope with
unbalanced data coliected from a range of sites,
across vears and generations, and greatly improve
the aceuracy of selection for any particular trait or
set of traits. The models have also been hinproved
1o take better account of thianing, native
population structure and non-additive genetic
effects, and are now heing applied in a number of
preeding or deployment programs in Anstralia
{e.g. STBA, NFP, Amcor) and overseas (as a result

of collaboration and consultancy work).

The project coordinated and compiled the
databases for the two large £ globuluy and
E. nitens breeding populations tested in Australia,
This includes pedigree (parentage) and race (a
natural population that has evoelved distinet
characteristics) information, links between over 80
frials and data on survival, growih, wood density
and hark thickness for over 5,000 trees, Data

inciude trials from our industry partners, and
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organisations around the world (New Zealand,
Chile, Portugal and Spain}. The database is now
being used by the STBA and industry pariners in
their genetic evalations,

A general forest and pulp mill production model
was developed, based on inputs of wood volume,
wood densily, puip vield and stem straightness.
The model is being applied to define breeding
objectives for chemical pulpwood production in a
number of breeding programs {e.g. STBA}L The

main outcome has heen the identification of wood

Goals

Refine breeding and deployment strategies for
pulp and paper and sawn timber by comparing
(i3 ‘Mixed Models” (BLUP) analyses of
overlapping geserations, which inclade
inbreeding, with {ii) traditional index selection

using discrete generations.

Improve software for selection and crossing

programs.,

Transfer fo industrial partners the new *Mixed

density as an important trait in current Models’ procedure for selecting elite B, globulus

selection programs.

trecs from base populations. This procedure will
account for age, site and race effects, differential
inbreeding across famtilies and co-ancestry

befween native stands,

»  Determine the optimum age for selection of pulp

and paper propertics in K. nitens.

+  Determine the improvement in the accuracy of
predicted breeding values from using ‘Mixed
Models® which account for spacing and

cornpetition.

» Review strategies for deployment of £, nitens and
E. globulus including clonal options, seedling and

cional seed orchards.

+ Determine the reliability of breeding values
obtained for E. globulus using data from
international plantations, asd its implicalions for

international exchange of genetic materiai,

Nuno Borratho amongst seedings in 2 genatics
riat af the University of Tasmania




Project 2
Leader

s Carplyn Raymond
Staft

Or Allie Muner

Mr Bruce Greaves

Mr Jason Lawson
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Wood properties
Background

'this project provides a direct linkage between the
CRC for Temperate Hardwood Forestry {CRC-TEF)
and the CRC for Hardwood Fibre and Paper Science
(CRC-HFPS) allowing {or ideas and new technology
to pass between the Centres and the establishment of
joint projects, The work in CRC-THF has

concentrated on:

« defining the relationship between wood, pulping

andd paper properfies;

s developing non-destructive sampling strategies for

wood and fibre properties;

» determining the feasibility of altering wood

properties by breeding or silvicultare,

fmplementation of fechnology developed at the CRC-
HEPS, such as SilviScan and Near Infrared
Reflectance Analysis (NIRA, an indirect measure of
kraft pulp vield), is a feature of this project and

research has been conducted in collaboration with the

pulping laboratories of the industry partners.

Outcomes

» The economic relationship between the cost of
producing unbleached kraft pulp and the
biological traits of tree growth, stem straightness,
wood density and pulp vield has been modelled
and used to develop a breeding objective and

economic weights for a new krafl pulp midl

«  Strategies for non-destructive sampling for basic
density have been developed for . globulus and
E. nitens based on studiey of longitudinal
{lengthwise) variation within trees. Sampling
recommendations have been provided to indusiry
and implemented immediately. Tdentical work on
sampling Tor fibre length, fibre coarseness and
NIRA for E. globulus and E. nitens is nearing

completion.

+  The relationship between basic density, fibre
length, fibre coarsencss and paper streagrh has

been established for cold soda pulping.

+ Age-age correlations and heritabilities for wood
density (from SilviScar) and NiRA have been
NIRA was found to be

both repeatable and heritable, indicating that the

determined for E. nitens.

sereening of genotypes i feasible.
Groals

+  Complete sampiing recommendations for fibre
length, fibre coarseness and NIRA in £, globulus

and &, nifens.

»  Core sample E. globulus breeding trials across
southern Ausiralia to determine genotype by
environment interactions for basic density and
NIRA.

+  Determine the effect of fertiliser treatments on

bagic density and NIRA.

Carolyn Raymond (lefty and Juson Lawson preparing wood
sarmpies for Near Infrared Reflectance Analysis (NIRA)
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Project 3
Leader

Dr René Vaillancour!
Staft

Prof Jim Reid

Dr Brag Potis

Dr Dorothy Steane

br Peter Bundock

Ms Alexandra Mitcheil
Ms Katherine Nesbitt
Mr Timothy Eldridge
Mr Seart Skabo

Ms Efeancr Loughhead
Mr Malthew Hayden

Mr Martin Tyson

Molecular genetics

Background

The objectives of this project are to

.

develop molecular markers (simply inherited traits
which distinguish underlving geaetic differences)
that can be used For fingerpringing, even at the

seedling stage;

develop DNA mukers for selected elite trees in
breeding programs asing Marker-Assisted
Selection (MARS);

ge DNA markers to study population biclogy and

spectes relationships within Encalyprus.

Outcomes

.

A sparse linkage map (a representation of the
distance between genes or markers on
chromosomes) was consiructed nsing an intra-
One

Quantitative Trait Locus {QTL) was detected for

provenance E. giobulus ¥ cross.

growth, & crucial test of MAS in a closely related
cross. The effect of this QTL changed with
enviromment. This s the fisst discovery of a QTL
by environtment interaction iy Eucalyptis.
Molocular markers were used to reconstract
phylogenetic relationships between the subgenera
of Fucalyptus and Angophora. This research was
well recetved by the taxonomic community, and
cited in three major reviews of Fucalyptus
phylogeny.

Whaindand Viminakes

Hapleiype |

¥ subcrenulato

L jolnstonii
E wmigera
2lobulus
E. punnic

. cordaty

Haplotype 2

E vernicos:

+  Chloreplast DNA polymorphisms were shared
among many species of series Vimdnaley, |
indicating that hybridisation may be more

important than expected.

«  DNA fingerprinting of a population of E. risdond
% E. amygdaling hybrids regenerating from
Hguotubers showed many individuals 1o be of
clonal origin, and one clone was unexpectedly
large, which led to a major re-assessment of the

age of these mallee eucalypts.

=  Genetic distance {rom Random Amplified
Polymorphic DNA markers {RAPDs) was related
1o pedipree distance (genetic distance between
parents), This result will prove useful to breeders

selecting among trees of unkpown relattonship,
Goals

« Improve the £ globuius x E. globulus Hnkage

D,

»  Find molecular markers for rooting ability and

deploy the clones in & field trial.

»  Map genes which are expressed in cambial cells
onto the K. globulus map in collaboration with S,
Read, CRO-HEPS,

» Develop a bicassay fo study resistance 1o
Myveosphaerea indfection in E. globufus.

«  Complete an isozyme survey of E. globulus.

+  Determine the geastic distance between the
parents in the E. globuius proximity dependent

crossing scheme,
»  Develop microsatellite DNA markers.

»  Contisue the study of relationships in the series

Viminales using nuclear genes.

Chioroplast DNAs of Tasmanian eucalypls appear (0 falf into
twier distinet haplofypes, corresponding to thelr geographic
focation. Thiz may indicate the poourrence of commplax
infarspecific hvbridisation patisrns within geographic ragions




Project 4
Leader

D Brad Polls
Statf

e Pater Kube

bs Haidi Bungey
wr Pater Volker
Mr Paul Chambers
Wy Paui Tiiyard
Ms Halena Nermut

Dr Wayne Tibbits

Genetic parameters

Background

This project provides the fundamental information on
quantitative genefics necessary for eifective
explottation of the potential of forestry species for
breeding and assessment of breeding options.

specifically alms o

= provide basic information on genetic variation and
inheritance (genetic parametersy for trails of

econoemic and biological importance;

« determine the reliability of genetic parameter and
breeding value (value as & parent) predictions

derived [rom open-pollinated progenies;

. provide the biological and genetic
wformalion necessary {o assess the role
of interspecific bybrids in cucalypt

hreeding,

. wdentify and provide specialised,
pedigreed genetic material to support
molecular and quantitative genetic

sudies,
Outcomes

. Genetic parameters have now
been estimated for growth, survival,
frost and Mycosphaereila resistance,
pilodyn penetration and flowering Ume

in E. plobudus and E. nitens.

=« Open-pollinated progenies have consistently
provided poor estimates of genetic parameters,
and breeding values for growth traits and age-
trends in these parameters differ roarkedly from

cosstrotled crosses in the first four years of growth.

«  Indirect measures of wood density using Pilodyn

showed relatively large race effecty {i.e. natural
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characteristics}, were moderately heritabie,
showed litde site x genotype interaction, but often

adverse genetic correfations with growth,

Multivariate mixed model procedures may
overcome bias in genelic parameter estimnates

induced by thinaing or size-dependent mortality.
Combining the information from clonal trials and
fuli-sib progeny tests in "Mined Models’ markedly

improved genetic parameter estimates.

Goals

Continue studies on the genetic control and
genotype X environment interactions for key traits
in B globufus and E. nitens base trials in Australia
and overseas, Traits currently being investigated
inclide growth, flowering intensity and time,
vegetative phase change, pilodya penctration, bark

tisickness and susceplibility to sawfly damage,
Revise the racial classification of E. globufus,

Detait the performance and genetics of
interspecific ¥y and advanced generation £, sifens

x globulus snd E. gunnii x globulus hybrids.

Complete studies of eucalypt hybrid-pest

HHErBCUIONS.

populations that have evolved distinet

L oading advanced gengrafion hybrids (£ olobulus x E. nitens)
for transfer fo a North Eucalypt Technologies fleld sile in
MNorthern Tasmania
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Project 5

Leader

Vegetative propagation of
selected genotypes

I Jean-Noé! Ruaud

Background

b There is great potential for the development of clonal

MrKeith Churchill  forestry in temperate eucalypts, However,

Mr Scott Pepper conventional propagation methods (stem cuttings) are
- usually not cost effective, and alternative technigues
Ms Gillian Rasmussen o ‘ 4
are being developed to overcome this problem. The
aim of this project is to further develop techniques in
Lissue cultare and somatic embryogesesis which will

allow rapid deployment of new genetic selections,

Axn improved micropropagation procedure (FMP) has
been developed, Somatic embryogenesis has

advanced to the globular stage, and has

great potendial,
Outcomes

. IMP  technology  was
transferred to onc Industry partner
{North Eucalypt Technologies),
and is currently Deing evaluated

and compared with the existing

micropropagaticn systen,

Advances in  rooling and

acclimation of clones arising from IMP

allowed a simpler and cost-effective testing

Globular somatic embryvos of
E. nitens generated from
hypocoty! tisstie

procedure to be developed for rooting ability.

Plants arising from this procedure wiil be planted

in the field in early spring.

A sereening exporiment on
fOGHInG ability of
. globulus cuttings

= The genetic controf of rooting ability was shown
to be high with & heritabitity of around G.4 and 3

proportion of dominance of 0.2,

*  Somatic embryogenesis has been successfully
induced to the globular stage in both E, mitens and
E. globulus. This is the first report for both
species. The induction, which fakes place in ligquid
medium, is very efficient and somatic embryos can
be multiplied. However reliable maturation
{(development of embryos from the globular stage
up 16 z stage equivalent of a zygotic embryo in a

Tipe seed) is still to be achieved.
Goals

= Compare the zygotic and somatic embryogenesis
process at the cellular (histological analysis) and
molecular level (biochemical analysis of
endogenous growth regulators) to assist in
understanding the blockage in somatic embryo
developrment,

* Find molecular markers for rooting ability in
E. globulus (in collaboration with Project 3 and

North Eucalypt Technologies).

* Complete studies on the heritability of

rooting ability,




Project 6
Leadet

prof Jim Reid
Siaft

Dr Brad Fotts

wr Craig Hardner

i_\t!s Atexandra Michel

¥

Mr Dean Williams

Ms Ria Matysek

E. globulus in fiower
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Breeding systems and
development

Background
The aims of this project are {o:

+ develop an paderstanding of the control of
flowering in E. plobulus and £, nitens. In
particular, identify the role of hormones in
combination with the effects of environmental

factors in promoting flowering;

« determine the role of the plamt hormones abscisic
acid, gibberellins {GAY and auxin (IAA)} in

seagonal vardations in growth snd development;

«  ipvestigate how inbreeding s influenced by the
stamd seructure of the parent trees, and how
inbreeding effects may affect the estimation of
genetic parameters {inherifance}, the prediction
and capture of genetic gain from selection if made
using inbred progeny, and the management of

breeding populations;

+ examine the factors influencing the level of
ocutcrossing in B globulus in order to befter

manage seed production in seed orchards,
Outcomes

= Abscisic acid {ABA}Y levels in young shoots
appeared to be correlated with the water potential,
In contrast, GAy levels were relatively constant,
except in wnd-winter, probably due to feed-back
reguiation, IAA fevels were positively conrelated

with growth rate

= The effects of the gibberellin biosynthetic
inhibitors paclobutrazol, prohexadione and CCC
on flowering were compared but only a low

flowering response was obtained.

= A entative pathway for paclobutrazol catabolism
has been formulated and microorganisms capable
of metabolising paciobutrazol have been isolated

from soils (Tackson et of, 1996),

Two stages of differential selection against inbred
progeny have been identified, within three months
of planting {the establishment phase) and whes the
plantation is older than four years (afler intense
competition has developed). Failure to account for
the higher mortality of inbreds will underestimate

the impact of inbreeding.

Estimates of herilability of open pollinated
families were nflated up to an age of four years.
Howaever, this dechined with age (o converge with

estimates from outcrosses thereafter.

solated trees have lower outcrossing rates than
trees in continuous stands, resulting in a bias o
breeding values because of inbreeding depression,
Hence OP familics should be used with caution in

eucalypl tree breeding programs.

In E. nirens the levels of inbreeding depression and
dominance variation for growth fraits ave similar to
olher eucalypt species and generally larger for
flower production and bark thickness. However,
these genetic effects are absent for Pilodyn

penetration.

Goals

Fing alternatives to paclobutrazol as a promoter of
reproductive activity and report on the best
location for seed orchards to maximise seed

production and reduce generagion intervals,

Investigate the genetic control of inbreeding
depression and self fertility and the factors

affecting OUICIOSSIDE Taies,

Determine the effect of different levels of co-
ancestry on secd set and ecarly growth in

E. globulus.

Determine the genetic control of flowering in

E. nitens.
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Soil and Stand
Management
Program

Project 1
Leader

Or Chris Beadle
Staff

Dr Nell Davidson
Mr Don White

Mr Mark Hunt

ks Libby Pinkard
Ms Michelle Richter
ir Pawl Adams
Ms Jane Medghurst
Mr Sven Ladiges
Ms Martia Cherry
Mr Martin Tyson
Mr Charles Warren
Mr Paul Black

Dr Grog Holz

Mr Bill Neiison

Mr Geol Dean

Introduction

The Soil and Stand Management pregram aims o
develop silvicultural management and planning tools
which will optimise the cconomic return to forest
growers from their investments, while ensuring that
management practices are sustainable over future
rotations, In order to achieve this, research projects
have been developed o examine forest growth and
yield in relation (o eavironmental factors, particulurly
temperature, the availability of water and nutrients and
soil physical properties, These studies will allow
deseription of the functioning of plantation ecosystems
in quantiative terms and, using modelling procedares,
simulate outcomes from alternative management

SySEf;‘,I?ZS.
Plant production and water use

Background

This profect aims to improve cultural practices and
productivity of plantations for puipwood and sawn
timber through an understanding of the physiological
responses of cucalypts to eavironment and
silvicultural practices, The pholosynthetic, water-
relations and water-use characteristics of eucalypts,
particularly the key forestry species E. elobulus and
E. nitens, are measured in the context of the
The

environmental variables investigated include water,

produciion of leaf area and biomass.

temperature, light, macro- and micro-nwirients. The
silvicultural practices of irrigation, pruaing and
thinning, vegetation management and fertiliser
practice have cach been shown to affect
photosynthetic production and are the focus of several

studies in the project,
Outcomes

* Increments in stem volume are significantly higher
it E. globulus than E. nitens in the first few years

of the growth cycle on frost-free sites.

s Maximum rates of growth are associated with total

water use which is similar 10 pan evaporation,

* £ globulus has a higher water-use efficiency for
wood production than . nifeny during the first few
vears of growth and is more suited to sites

associated with moderate water stress.

»  The effects of water stress on daily stomatal
conductance can be accommodated by determining
the ratio of conductance of stressed trees to that of
irrigated trees as a function of the cumulative
water stress integral over a preceding number of

days,

Don While conducting biomass sampling o determing the
relationships belween foaf area and sapwood area

e The stomatal responses of E. nitens arc best
described wsing data for water status from the
preceding 20 days, while that of E. globufus is
best described using the preceding 8 days,

¢ The removal of live branches during green
pruning on high guality sites resulls in changes in
bicmass partitioning in the remaining canopy.
This suggests that trees can reallocate resources to
compensate Tor loss of foliage. When proning did
not exceed 530% of the canopy length this
reallocation was sufficient 10 prevent growth
reduction. Towever, realiocation of recources
was insufficient to compensate for 70% crown
removal and a reduction in both height and

dizmeter increment occurred.



Project 2

Leader

Mr Hobin Cromer

Staft

Mr Charles Turnbull

[ Rabi Misra

Ms Ann LaSala
Mrs Linda Ballard
Mr Andrew Gibbong

My Martin Tyson
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= Competition for water from acacia regeneration
among eucalypt plantations on high quality sifes is
minimal in older stands and is unlikely to decrease
eucalypt productivity. However, Targe differences
in standing volume of eucalypls with and without
acacia compefition suggests that infease
competition for water or Hght can occur earlier in

the rolation,
(Groals
+  Develop a simple scheme for scheduling irigation

in eucalypt plantations.

»  Hyaleate the impact of Jow temperature and frost

on productivily of eucalypts,

¢ Puily describe the physiological impact of acacia

as a weed of eucalvpt plantations.

& Provide a physiological basis for fertliser-induced

micro-nutrient deficiencies.

Dynamics of carbon and nutrients
Background
The aims of the project are o

o investipate the accumulation, allocation and
cyching of carbon and nutrients in plantations of
E. witens and E. globulus, particularly in response

o tdrient avallability;

¢ determine the partitioning of biomass and nutrients

(O FOOLS;

o identify specific nuirient deficiency or toxicity

problems that become evident in planiations.

Tree growth in response to nuirition is being studied in
five fertiliser wails established in 1992 and 1993 on
represcatative but contrasting sites (in soils and
clmate} in colaboration with ANM Forest
Management (ANM), North Eucalypt Technologies
(NET} and Boral Timber (BT). In addition to fertiliser

treatments, ree growth data are being analysed in

25

relation to fertiliser treatment, and climatic and
edapitic factors. These experiments also provide major

field study sites for other projects in the program,
Outcomes

e A substantial response in tree growth o applied N
plus P fertiliser occurred at only one site on a
sandstone soil in north-east Tasmanta (B, globulus,
BT ar Nabowla, 100-240 m elevation). Growth at
this sitc without fertiliser has been poor and
response to fertiliser has been significant from 10-
34 months, Best (ree growth occwred at Westfield
{ANM, 430 m elevation) on a siltstone soil but a
significant response to fertiliser was evident only
at high rates (600:300 kg ha) NP, E. nitens) and
after 34 months, Tree growth on high aliitude
basalt so1l has been poor and there has been no
response to N plas P fertiliser {E. nirens, NET at
Middlesex, 600 m clovation),

* A significant response to N alone (300 kg ha
was observed on a dolerite soil (E. nitens, BT at
Nunamara, 400 m elevation), above the basal dose

of N and P at planting (Fig 2).

*=  The use of NP fertilisers to increase growth has

affected trees adversely, and it appears that P is

Yolume incremmant G x 169

Figure 2 Increase in volume fom x 10%) of three year old

£, nitens in response fo nifrogen and phosphorus fertiliser (kg
ha 1) on doterite soits at Nunamara. There was ne significant
response 1o phosphorous and no interaction befiween Nand P.
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more detrimental than N, The Hnk between stem
deformity and copper deficiency found previously
on ex-pasture sies has not been observed for these

ex-forest sites.

Allometric relationships have been derived (in
assoctation with Project 1) which will allow total

and components of {ree biomass to be estimated,

The relationship between coarse root (=3 mm
diameter} biomass and stem volume of £ nitens
dertved from trees aged 10 and 21 months have not

changed with inclusion of data from frees aged 32

months, Increasing rate of N plus P festiliser dig
not influence biomass density of rools in the
mediam (1-3 mm diameter} or fine (<1 mm
dinmeter) size ranges at 32 months. Both N and p
concentration in fine rools increased with

mcreasing amoents of N plus I fertiliser.

Trees in the bighest ferniliser troziment ag
Westiield had accumulated a total above-ground
biomass of 23 ¢ ha-1 at 34 months, which
contained 164 and 17 kg ha-1 of N and P
respectively, The usefulness of different biomass
components for prediction of response to nutrients

is being investigated.

Goals

The major goal over the next year is to fully
analyse tree growth and nutrient data for all the
gxperiments in relation to site and fertilser
treatments, and to present these resulis o the CRC

industry partaers.

FEstimate temporal variation in biomass and
nutrient accumuiation in root systems of single
trees and determine the relevance of the resalts for

carbon allocation,

Bvaluate offects of N and P fertilisers separately
and in combination on stem shape (deformity) of
E. nitens and E. globulus trees, Determine the
significance of carly stem deformity for solid

wood production.

Charfie Turnbull and Ann LaSala measwring E.nitens in &

CRC-North Eucalvpt Technologies trisd at Middlesex, Tasmarma

e
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Nutrient supply and acquisition

Background
The aims of this project are 1o

« determine nutrient supply characteristics of the
major soil types on which eucatypt plantations are

COMMORlY grown;

+ determine the factors confrolling nuirient
acquisition by tree roots, particularly nitrogen (N)

and phosphoras (P

« improve the management of nutrients, particularly
fertiliser application, to increase the productivity

and profitability of plantations,
Outcomes

= Tree growth data and N avallability measurements
from several Tasmanian sites indicate that N
supply is often adeqguate to support high growth
rates of B, nirens up to 2 or 3 years after planting
(Fig 3}, but trees on some scoils may need
fertitisation "at-planting’ with N ax a spol to
stimulate early development of the root system. In
older plantations {3 to 6 years old) we have

wdentified an opportunity fo substantially increase

growth rates on & variety of soils nsing N

fertihisation,

Although spot applications of P fertiliser will be
needed on most ex-Torest sites. P applications were
not necessary to achieve the later-age response to

added N,

Field and pot studies indicate that eucalypts are
more efficient than most other types of planis at
taking uwp P in soils that have only low

concentrations in the soil solation.

Analyses of tree growth in several cultivation
experiments has brought info guestion the
widespread practice of ripping. If it was
discontinged it could provide considerable cost
savings without significant detrimental effects on

wood production.

Short-rerm laboratory studies with well aggregated
soils have shown a progressive increase in root
development of eucalypts with decreased soil
strength (penctrometer resistance). Hence,
{a) there does not appear to be a critical value of
soil strength which will stop root elongation in

these soils, and (b} cultivation is likely to favour
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root growth by, among other factors, promoting

&r &
rool growth until the strength of the cullivated zone (&) !
1
increases with settling and beeomes similar to thas 4 & ik
of the uncultivated zone. g !
i i
. _ & 3} G &
*  Ammosium has been shown to be the preferred N 8 b
. =
sousce for £ nitens (Fig. 4). @
(Fig g, . &
=
Goals £
- o . . 1 e n
= Quamtify the changes in soll sohution N and P that
oceur during the first 4 years of ree growth in g ) . )
typical plantations so that these concentrations can 0 1 2 3 4 54
be evaluated as indicators of nutrient Hmitations fo Observed category
Iree growth,
40
= Compare the proposed critical concenirations of ik}
soil solution P with those of more commonly used .
soil P analyses and cvaluate the degree to which = & H uo G
@
the method can be transferred to a range of soil- .% N
G onl Wogs "
types. 5 <0 N
E a
g 3
= ldentify a simple and useful index of N £ &
mineratisation. o
1Y
= Describe root system development during the first
3 years in a rapidly growing E. nitens plantation, o 10 26 a0 40
*  Define relationships between slope, rainfali Observed MAI
mtensity and erosion for several plantation soils. Figure 5 Comparison of the predicted sfle productivities for

32 sifes in NE and NW Tasmaniz oblained using. {a} the
axisfing Forestry Tasmaria system, and (B) the new 55U
catiopy producton model. The new mode! predicts productivily
more succassfifly. Species are B, globulus (G} and £ nitens
(N} The fings are 1:1 refalionships,

Trevor Garnetf adjusts microslectiodes for measuring nitrate

and ammonium concentrations of root Hps
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Modelling plantation systems

Background

The project aims to produce process-based models
that can be used as management tools for predicting
plantation vield ia response to enviroamental, site and
sitviculiural factors. As comprehensive process-based
models of plantation growth and development are
complex and require input data which are not readily
available, the work of the project is focusing on
simple models which combine the empirical and
process-based approaches but require only readily

available input data.
Outcomes

# A model developed earlier for estimating daily
canopy production from standard meteorological
data and parameters of the single-leaf light
response is now being applied in a simple moded
of site productivity which also employs simple
empirical relationships for leaf area index (LAD
after canopy closure. The site productivity model
provides a sound basis for predicting site quality
{Fig. 5).

» A review of forest growth models according to
their intended use has been completed and
provides guidelines for the structure of models for

specific applications.

# A model for seed germination rale in response to
soil temperature and water potentisl has been
completed. It provides predictions of fieid

germination in K. delegatensis.

» A simple technigue for estimating parameters in §-

system models has been developed.

¢ Stem sections obtained from E. nitens seediings
provide usefed data on cambial activity in response

to temperalure and radiation,

v A workshop held in conjunction with the CSIRO
Division of Forestry brought together people in

industry, C8IRO and the University of New South
Wales to enhance the development and applicatioa
of models in a forestry congext. It also provided an
averview of work in progress and strengthened
communication and colizboration between

researchers and industry.
Goals

¢ Validate the canopy produciion model in
combination with & simple water balance model
using data from the CRIRO eucalypt plantation af

Lewisham.

* Measure closed-canopy LAI af diverse sites and
determine empirical relationships for closed-
cagopy LAL in response to environmental and site
factors.

» Establish techaigues for using ESOCLIM to

generate realistic synthetic meteorological data.

¢ Complete development of the site productivity

model and demonstrate its use to industry.

¢ Determine effects of light and temperature on
cambial activity from stem sections of £, nitens

seediings,
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Resource
Protection
Program

Project 1

Leader

O John Madden
Staff

Dr Antheny Clarke

Mr Sraciey Howlest

Wr Mark Van den Berg

Mr Stephen Paterson

Introduction

Invertebrate research in the Resource Protection
program has been directed toward reducing
dependence on pesticides through the development of
environmenially sensitive strategies for the effective
management of major insect pests of native and
plantation forestry. A major emphasis has been placed
on the implementation and refinement of an Itegrated
Pest Management program for control of the
Eucalyptus leaf beetle, Chrysaphtharia bimacnlata.
Basic studies on the biology, behaviour and ecology of
this beetle and other real and potential pest species
have been undertaken to assist in the efficacy of

controf strategies for specific pests.

Similarly, detatled studies have been miated on the
basic life histories and habits of three major vertebrate
browsers, possuin, wallaby and pademelon, affecting
natural regeneration and plantation seedlings. These
studies are providing essential background duta for the
development of alternatives (o poisons sach as 1080

for managhilg damaging popalations of vertebrates,

Leaf and tree factors influencing
host tree location and attack by
insects

Background

The aim of this project is 1o identify those physical
and chemical Facrors which imfluence the behaviour of
the adult Ewcalyprus leaf beetle, C. bimaculaia, in
locating, feeding and oviposition on commercial
eucalypt species and individual trees within species. A
functional understanding of the specific qualities
which affect wee susceptibility to atfack is essential to
the selection of trees less preferred or more resistant to
mgeet attack. Research being cofiducted includes: the
response of Hying adult beetles to different coloured
traps, phytochemisiry of leaf olls and waxes, and

responses of O bimacw/ata adults and larvae to host

plant leaf components in comparison with responses

leal chemicals in agar-celulose pellets and dises,
Outcomes

= The number of €. bimaculata adults canght op
different colowred sticky traps was proportiona] to
the percentage of reflection in the 320-360 nm
range relative to the total speciral reflectance from
360-760 nm. The reflectance of leaves of species
from the eucalypt subgenus Monocalypius shifis
through the 326-560 am region as individaal
teaves grow and expand during spring-early
supumer,  Mowever, presence of a wax bloom on
the majority of species from subgenus
Swmpliyomyrius effectively softens the reflectance
of light from the feaves of most species with the
notable exception of the new season growth

of F. mdtens.

= Cobimgeniota adults prefer o feed and ovipost on

species from the eucalypt subgeans Monocafypius,
but they can also attack the Symphyomyrins
species K, affens. Chemical analyses of leaves
indicates that the difference in levels of atrack on
the two subgenera is affected by the oil content of
leaves. Oils are present in different relative
proportions in the two subgenera bt generally 1n
smatler amounts in Monocafyprus species, with
this subgenus having the monoterpene,
phellandrene, FE. nifens in contrast to most
Symphoniyrins has very low leal yields and also

contains phellandrene.

s Moaocalyprus ol yields nereased with age while

those of Symphyosnris declined,

= Leaf oil yields were found to differ significantly
between genotypes within a species and were
positively correlated with tree growth at the
individual and family level.

«  The susceptibility of £ regnans and E. nitens to
attack by C. bimaculata is under genetic control

with high heritabilty.
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+  Selection of appropriate oviposition sites by
female beeties is the most critical facior

influcncing the subseguent development of lasvae.
Goals

+ Document changes in leaf colour and
prgmentation, and verify phenological differcnces
in the canopy reflectance of commercial eucalypt

species through Landsat interpretation.

«  Complete bicassay of leaf phytochemistry of

commercial eucalypts,

= Publish results of the response of C. bimaculata

and its major predators to colony fraps
Control of insect defoliators

Background

This project aims to refine the Integrated Pest
Masnagement (IPM) strategy currently used to protect
cucalypt plantations from defoliation by leaf beetles,

The research is directed at:

« determination of the impact of the Eucafypius teaf
beetle, Chrysophtharia bimaculata, on growth of

£, nitens and E. regrans:

+«  evalpation of the most effective and
environmentally acceptable methods for

controtting leaf beetles;

» increasing our understanding of the biclogy of

. bimacuiata and its natural enemies.
Outcomes

o In the faboratory, €. Bimacwlata has been shown
10 have a higher average fecundity and longevity

than previously reporned,

»  Smaller larval populations were developed on
E. nitens trees thal were adiacent to E. regnans
than i pure E. ritens stands, which suggests
C. bimaculata adults selectively oviposit on

E. regaans. However, laboratory trials showed

that C. Bimacwata larvae feed more efficiently on
£, nitens. This means that they eat less and grow

faster on B nitens than on E. regnans.

The bioiasceticide, Bacillus thuringiensis {Bit),
has been shown to have potential for controlling
. bimaculata, Using current spray application
technology at 6 L. ha‘z, Bt killed all first instar
Tarvae, about T0% of second instar and fewer older

larvae.

In field trials, Bt had no effect on the population
of predators and so spraying Bt is compatible with

other biological controf measures.

Goals

Pefermine the minimam lethal dose and optimem
droplet size of Bit for cach larval stage and refine
the titning of application and delivery systems of
Bu sprays.

Develop an lnsect impact model for E, piteny and

incorporate this into the existing IPM strategy.

Further investigate the potential of the pathogenic
fungus, Beauvarig, and nematode species for
controlling arval and adult C. bimaculata in the
field.

Continue research on the basic biology of

C. bimaculata and its natural enemies.

Aggregation of Eucalyptus feaf besile,
Chrysophtharta birraciiats
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RESEARCH

Project 3
Leader

Dr Clare MoArthur
Staft
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s Nadia Marsh

Ms Kathryn Patierson

Mr Siephen Tumer

Dr avid de Little

Wallaby in a feeding frial
at the University of Tasmania

Vertebrate browsing in eucalypt
plantations

Background

This projeet aims to develop methods to reduce the
damage to seedlings in plantations cansed by
browsing vertebrates. Figstly it is necessary to
develop an anderstanding of the ecology of the three
principal browsing mamimals Benneit's wallaby,
pademelon and brush:ailed possem to guestions
about; which animals are responsible, what damage
they cause, under what condifions this varies, and
why they cause the damage. This luformation can
then be used o provide management options Lo
reduce the damage, In this context, the project has the

following main objectives:

*  develop a risk-assessment model for predicting
damage to plantations using broad-gcale
characteristics of the phantagion and susrounding
habitar;

= assess the importance of plantations as feeding
areas and of eucalypt seedlings within plantations
as & food source for the three main browser

species;

= determine the influence of site preparation, plant
composilion, and browser species on damage to

eucalypt seedlings;

» develop planting strategies to reduce damage in
plantations, based on feeding preferences of
browsers

fer common forestry species,

provenances and cover crops.

Outcomes

= Some positive, linear correlations have been found
bhetween damage and relative abundance of

pademelons and Bennett’s wailabies as measured

by scat counts.

= The relative preference between five seedlots of

E. nifens has been determined for pademelons in

captivity, and in the Sield in two plantations, one in
which 1080 poison was layed and one unpoisoned,
Field results under beth conditions confirm the
captive animal preference ranking, and indicate
reduced damage under a poisoning regime. One
seediot was significantly more prefesred than the
others, and one seediot was significantly lesy

preferred.

*= Preferences of brushtail possums consaming
foliage, and preferences of possums and
pademelons for seedhngs, have been determined
for some tree species. Possums rank follage from
the follewing species {from most preferred o least
preferred); 1st E. globwlus (nursery-grown}, 2nd
E, globulus (Tield-grown) and E. nitens {ficld
growsn), 3rd £, delegatensis {field), 4th Acacia
dealbata (field), 5th E. regnany {fieid), 6th
A. melancoxylon (field). Possums rank seedlings
from the following species: Ist E. nitens, 2Znd
E. regnans, 3rd A melanoxylon. Pademelons rank
seedlings: 1st A. melanoxyfon, 2nd £, regnans and
F. nitens. Hence for these species, possums and
pademeions show essentially the opposite

preferences,

»  Given the different preferences for seedlings
demonsirated for possums and pademelons in
captivity, the relative population sizes of the
browser species feeding in plantations should be
an important factor affecting the tvpe and extent of

damage fo seedlings.
Goals

= Ideatily any correlstion between extent of damage
to E. nitens seedlings and that of the swrrounding

vegetation,

= Continue bailding relative preference st of plants

for pademelons and possums,

= Start field trials on relative damage to seedlings ip

plantations with mixed-species andfor cover crops.




CRC for Temperate Hardwood Forestry — Annual Report 1985/86 33

Fossum salecting & eucalypt
froenr & mixed seediing e in
a feeding trigl at the University

of Fasmaniz
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Autumin gum moth larvae

= Compare relative feeding times spent in and out of
plantations by the three browser species, and

associated damage levels to seedlings,

= Compare the composition of the diets of the three

browser species when feeding in plantations.

= Rank preference of possums for E. globulus,
E. gunnii and hybrids, and determine any
phenotypic variation due o environmental effects

on these preferences.

Stephen Turner preparing food for
caplive possums in & feeding trial,
University of Tasinania

Biology of other forest insects

Background

The aim of this project is o investigate insects other
than Chrysophitharta which are current or potential
pests of native hardwoods.  These include: the coreid
bugs {(genus Amorbus and Acantholybasy, ‘sap
sucking’ insects which attack the growing tips of
gncalypts and cause tip-wilt and shrubbing; the
auvtums gun moth {(Meesampela privata) a defoliator
which feeds on the glaucous juvenile foliage of biue-
gums; and Breblight beetle (Pygroides orphana} also a
defoliator which feeds on silver- and black-wattle.
Results of ecologival studies are used to: (i) assess the
potential pest status of these insects in plantations and
(i) provide information valuable o the formulation of

pest managesnent strategies.
Qutcomes

+«  Work on coreid biology has finished. This project
made significant contributions to: the taxonomy of
Amorbus and Acantholybas; understanding the
biogeography of eucalypt Teeding insects; and
understanding host-choice in large, sap-

feeding ingects.

» ‘The population phenology of M. private has been
monitored 8t sites in south-eastern Australia, The
COMMMON name, autnn gurm moth, i a misnomer,

as both surmner and auttnn populations oo,

«  Constat temperature development rates, Jongevity
and diapause potential have becn gathered for

M. privaa.

¢« An APA(} award was granted to PhD> candidate
Tara Simmul to study the fireblight beetle,
P, orphana. The grant is supported by the

Tasmmanian Forest Research Council.
Goals
»  Complete ecological studies on M. privara.

»  Start a resecarch project on the fireblight beetle,

£ orphana.

+  Conduct an investigation of potential insects pests
of E. globulus {other than those already
investigated), particularly the gum-scale,

Eriococcus coriaceus.
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Education and
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Ms Kriston Witlams
#r Ross Peacock

Mr Graham Wilkinson

Infroduction

The Education aad Technology Transfer program
organises the intake of post-graduate and honours
students and coordinates their supervision across the
three research prograrms, and oversees the allocation of
timo of CRC research staff to undergraduate eaching
in unlis where their sxpertise ts most valuable. The
program coordinates the transfer of technology from
research programs to the industry partners, and
organises exercises which raise public awareness of
the expertise and activities of the Centre. The

programs principal objectives are 1o

+ develop a national centre of excellence for post
graduate training with emphasis on training
graduates relevant to the industry sector in the
arcas of tree genetics, Torest protection, and stand

TATAgEmend;

+  rapidly transfer to the industry partners and other
end-users the technology arising from research

conducted at the Centre:

*+  raise public awareness of the CRC's objectives and

the high quality and relevance of its research.
Outcomes
Education

= The Centre has 41 PhD, MSc and Honours
students carrently enrolled; 10 were attracted from
industry, 10 are on scholarships with industry
support {APA-L FFIC, LWRDCY, and a further 8
are on competitive national scholarships (APA,
Science and Technology, AUSAID), Only 13 are
supported solely by the CRC (see Table 2 for
delails),

*  Supervision of post-graduate and honours students
is widely distributed aanf;ngst CRC partner
institutions with 20 of the 28 supervisors of
honours, MSe¢ and PiD projects being non
University staff (see Table 3 for details).

Dy N Bavidson alse coordinates a four-year

undergeaduate course, 'Forest Ecology', designed

for students with an Interest in forestry.

* 3 PhD and 2 honours graduates of the CRC have
found employment in the forest industry this vear
{Don White, Mike Battaglia, Heidi Dungey,
Toanne Dingle, Mastin Tyson).

= There are six CRUC scientists, who are not staff of
University departments, contributing to University
courses in fields alfied to their resecareh:
Dr A Clarke has presented lectures in Agriculiural
Entomology, Dr R Misra in Soil Physics,
Dr N Davidson in Physiological Plant Ecology,
Dr M Basttaglia in Quantitative Ecology,
Dr P Smethurst in Seil and Nutrition and

Dr B Potts in Genetics,

* There are 7 post-doctoral fellows currently
working with the Centre: Dr Jean-No&l Ruaud in
somatic embryogenesis; Dr Allie Muneri in wood
science; Dr Dorothy Steane in molecular genetics;
Dy Teay Clarke in entomology (Project Leadery;
B¢ Clare MeArthur in vertebrate browsing {Project
Leadery;, Dr

mineralisation; and Dr Mark Hovenden on the

Wendy Wang in aitrogen

effects of low temperature on photosynthesis,

*  There were two visiling scientists; Dr Heather
Keith (CSIRO Division of Forestry and Forest
Products) who studied phosphorus uptake from
forest soils, and Dr Robert Floyd (CSIRO Division
of Entomology} who studied predation of

eucalypis by astumn gum moth,
Technology transfer

* In the last year the program ran 15 seminars, 6
workshops, 2 short courses and a field day (for
details see Table 4 Utilisation and Application of
the Research, Commercialisation, Lioks

with Lsersh.
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Establishment of Hot off the seedbed’ which
presents 1o company partpers a short summary of
the implications/applications of each piece of
scientific research in the Genetic Improvement

program as i 18 completed,

The publication of 6% rescarch papess in refereed

Jouwrnals, 28 wnreferced articles and 6 theses,

International consuliancies were conducted in New
Zealand and Chile by Nuno Borralho, and Heidi
Dungey leaves for Chile on a threc-year
consultancy in July 1996, John Madden reviewed
an ACIAR project in China.

The production of a quarterly newsletler
‘Overstorey’, 9 issues of 'Hot off the seedbed’, a
Corporate Brochure, an Induction Handbook and

Annuat Report,

Public awareness

»

Conducting a public display at Agfest with an

attendance in excess of 2000 people.

In the last year there have been 13 articles in
newspapers and industry news sheets, and 5 itemns
in the electronic media relating to the Cenire (sco

Commusication, Public Relations,

The establishment of a world wide web page for
the CRC.

(Goals

Education

Ensure existing MSc and PhI studenis complete
thelr projects. As the CRC now has only two years
to run, no new CRC scholarships will be
advertised, snd the sumber of research higher
degree students enrolled (currently 413 will {31l as
students complete their degrees, Strong suppost
and encouragement wil bhe given to students to
complete their degrees on time. On the other hand,

if tho proposal for a new CRC in Sustainable

Production Forestry 18 successful, research higher
degree student numbers will be maintained at

current levels,
Continue the involvemen! of partaer stafl in the
supervision of student projects.

Continue the involvement of CRC scientists, who
are not {eaching staf¥ in University departrents, in

teaching at the urdergraduate level,

Techaology transfer

Increase the rate of fechnology transfes. Ag
research momentim and oulput has been building
through the life of the CRC, technology fransfer
has received greater emphasis. The range of
approaches to technology transfer has been
increased and in the next two years will include
vigits by project staff to partners to discuss
technology transfer, and a greater use of ‘Hot off
the seedbed’ 1o present the
implicationsfapplications of research to company
partners. This supports existing technology
fransfer exercises which include workshops, short

courses, seinars and field days.

Public awarencss

Organise public displays and open days,

Continne to gain coverage for the Centre in
newspapers and partner news sheets, and present

news releases o the elecironic media

Organise the 1998 ANZAAS Conference on
‘Sustainability of Temperate Ecosystems' and

make & major cosfribotion in the areca of

‘Sustainable forestry’ (Prof  Reid is Chairman and
Dr N

Organising Commitiee).

Davidsen is secrctary of the
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Table 3 Summary of student enrolments in the CRC

Postgraduate Students
Number of Students
Full/Part Time: Pl time 33
Part time 8
Begree: Grad Dip with Hons G
BS¢ Honours 2
BAgrSc Honouss ¢
MSe 4
PhDx 35
CRC Program: Gengtic Improvement i3
Soil & Stand Managemest i7
Resource Protection 9
Education
Supervisor:
Dr M Austin 1 BrNDavidson 10 Dr G Kile 1 Dr B Potts G
Dr M Battagiia I BrDdeLitle 1 Dr M Line* i Ms C Raymond 2
Dr C Beadle 8 DrHElLost 1 Dr I Madden* 5 Prof § Reig* 6
Dr N Borratho 8 DrRFloyd 1 Dr € McAsthur 2 Dr P Sands i
Dir M Brown 4 Dr A Gilmour i Dr P MeQailan i Dr P Smetherst i
Prof R Clark™® 1 Prof R Hill* i Dr B Misra i Dr R Vaillancourt 3
Dr A Clarke 5  DrGHokz i Prof R Menary 3 Mr P Voiker i
Funding: CRC (Honouwrs Scholasshipy 2
CRC (PhD/MSc Scholarship) 13
Univ Research Scholasship with CRC top up 2
APA with CRC top up 5
APRA - Industry 5
FFIC 3
AIDAB i
D#E - Forestry i
Employed in forest industry &
LWRDC i
Seif-supporting 2
* University Department Staff
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Utilisation
and
Application of
Research

Strategy for Technology Transfer

One of the principal objectives of the Fducation and
Technology Transfer program is to transfer the
technology rapidly to the industrial partners and other

ond users. This involves the following steps:

1. involvement of industrial partners in planning

resedarch projects and running experments

Most CRC research is conducted using company irials,
or trials established on company land so companics
are involved at the outset with the planning and
implementation of research projects and have
ownership of them, Research plans for these
experiments are lodged with the companies, and these
Include an agreed protocol for the research. The
company partners aliocate staff time {in-kind
contributions) 1o CRC research projects so effective
mnteraction can occur, Ultimately, the Industry
Research Committee of the CRC telains an overview

of these research projects and can support, reject or

modify any research program.

et Daviclsan (CHC) ang
Pator Mavghian (Beral Timiber)
MiSeuss Garkvmance of cianal
Frantaliors.

2. Early transfer of results

The early transfer of results starts with informal

teractions (phone, fax, H-mail and visits fo company

sites). In the Genetic lmprovement program the firgt
stage it formal transfer involves faxing a Summasy of
the implication/application of research on an A4 page
entitled "Hot off the seedbed’. Company responses
then determine whether the next form of presentation
of the information will be a seminar, workshop, shert
course or field day. Where an individual company
shows particular interest this presentation may he
conducted at the company operations. Where interest
ts more general there may be visits to each company
by research staff or a course or workshop run at the
CRC. The next stage in transfer is a techuical feport
or wnreferced paper, which is followed by a refereed

Journal paper.

3. Developmens of training courses in modern Sorestry

techniques for company staff

The Resource Protection program has conducted 2
technical workshops on Forest Protection {in
November 1995 and May 1996} which have attracted

approximately 20 participants each.

Technology Transfer also occars at the post-graduate
research level. There are 10 company stalf enrolled in
PhD and MSc studies. Seven are conducting their
research while still employed; Mr Tim Wardlaw
(Forest Pathologist, Forestry Tasmania), Mr Stove
Candy {Statistician, Forestry Tasmania), Mr Peter
Kube (Tree Breeder, Forestry Tasmania), Mr Peter
Vaolker (Silvicultural Superintencdent, ANM), Mr Don
White (Research Scientist, CSIROY, Mr Graham
Wilkinson (Chief Forest Practices Officer, Forestry
Tasmania), Mr Ross Peacock (Research Scientist,
Dept. Planniag, NSW), Three resigned their positions
to conduct research but intend returning to industry!
Mr Greg Butkowski, {Research Manager, Bunniugsh
Mr Paul Adams (S.A. Dept, Primary Iadustry)
Ms Jane Medhurst (Forestry Tasmania). There are 10
of our students on scholarships supported by industy:
Paal Adams (LWRDO) on weed competition with
eucalypts; Bradley Howlert (FFIC) on host location by
£, Bimuculata; fane Medhurst (FEIC) on thinning of

B W
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E. nitens stands; Libby Pinkard (FFIC) on the effect of
pruning on £, aitens; Pagl Chambers (APA-T)
selection strategies for mechanical pulping: Daniel
Mendham {APA-I) on prediction of nutrient
Hmitations; Martin Moroni {APA-1} on nitrogen
mineratisation; Tara Sirmwnel (APAD on the biclogy
of fire blight beetle; Steve Wilson (APA-I) on
survival of eucalypt seedlings; and Kristen Williams

{1IP%) on modelling of eucalypt distributions.

During the life of the CRC 10 of our students have
been emploved m the forest industry. This is rapidly
increasing, with 3 PhDD and 2 honours graduates of the
CRC finding such employment in 19953/96 {(Don
‘White, Mike Battagha, Heidi Dungey, Joanse Dingle,
Martin Tyson).

Major Gutcomes

+  Druring the first five years of the Centre, we
estimate Technology Transfer activities reached
approximately 11,000 people through a major
international conference, 73 seminars, 20
workshops, four symposia, five short courses, six
field days or field tours. During 1995/96, 13
semmnars, O workshops, 2 shorl courses and a field
day were vonducied {for details see Table 4,
below), Table 5 presents Technology Transfer

activities proposed for 1996/97.

+ Publication of 137 referced and 167 uprefereed
papers and completion of 29 theses during the life
of the CRC. The publication of 69 research papers
in refereed journals, 28 unreferced articles and
comlction of & theses in 1995/86 {see

Publications).

= In the last five vears there have been 22 articles in
newspapers and industry news sheets, and 11 items
in the clectronic media relating to the Centre.
There have been 13 articles in newspapers and
industry news sheets, and 5 ftems in the electronic
media relating to the Centre during 1995/96 (see

Communication, Public Relations).

Fetar Gore (CRCY visited Bunnings Treefarms {WA) i
give 3 fwo-day workshop on cortirolied pofiination
igchnigues

«  Public good research conducted by the CRC is

presented in Table 6.

= In each of the research programs of the CRC
several research projects have led to the
production of technology which has been
gransferred or is being transferred o the company

partriers (see Table 71

#  There are a wide range of end users of the
techmology developed by the CRC including small
and medium sized enterprises {$SMEs) and

confracting organisations {see Table 8},
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Table 4 Technology Transfer Activities

Meonth

July

Sept.

Oct.

Oct.
Nov,

Nov,

Nav,

Nov,

Dec.

Dec.

Bec,

Jan,

Fan,

Feb.

Heb.

Nov,

Mar.

Mar,
Mar,

Apr
Apr

May

Function

Workshop

Technical
publication

Workshop

'Overstorey’

Workshop
{technical)

Workshop

Technical
news sheet

Workshop

‘Overstorey’

'Hot off the
seedbed’

‘Hot off the
seedhed’

Hot off the
seedbed’

Workshop

Tiot off the
seedbed’

‘Hot off the
seedbed'

Hot off the
seedhod’

Waorkshop

Technical
publication

Fichd day

‘Hot off the
seedbed’

"Qverstorey’

Corporate
Brochire

‘Hot off the
seedbed’

‘Overstorey'

The following table summarises CRC-THIs technology transfer for 1995/96,

Topic Reach

Joint CRC-THEMelbourne Univ./ 30
ANU/Amcor workshop on soil and
plant nufrition

Four articles in CSIRO newsletier 2000
‘Onwood'

Forest growth modelling, conducted 30
in association with CSIRQ

Issue of newsleter 150G

'Forest protection’ {at Novth Forest 20
Products)

‘Reproductive biclogy of eucalypts 34
and application o breeding (in WA)

First issue of technical news sheet 20
‘Hot off the seedbed’ {faxed to ali
parner organtsations)

'A moded of planiation growtly' §
{at North Eucalypt Techaologies)

Issue of newsletter 130G
Tmplications of research faxed 1o )
partriers (YL mapping}

Implications of research faxed 1o 40
pariners {chioroplast DNA)

Implications of research faxed to 406
partners {pulping ssp psendoglobulus

‘A model of plantation growth' 5
(at ANM)

Implications of research faxed to 40

partners (Jowering times of
E. globulus)

Imphications of research faxed o
partners (accounting for thinning 43
when estimating genetic paraneiers)

Implications of research faxed to 40
pariners {survival in tree breeding)

‘A model of plantation growth' 6
{at Forestry Tasmania)

Two articles in CSIRO newsletier 2000
‘Onwood’

Field day at Forestry Tasmania 31
implications of research faxed to 4
pariness {somatic embryogenesis)

Issue of newsletter 50
Cerltre capahility document 2000
Implications of research faxed fo 40
partners {stand density and

DUECTOSSIRE)

Issue of newsletter 150

Pgm,

58M

Qal
SSM
SSM

ETY
RP

Gl

Gl

SSM

ETY
Gi

GL

Gl

SSM

Gf

Gl

Gl

SEM

Gl

HET
Gl

ETY
ETT

G

ETT

Time
{days)
3
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Fable 5 Fechnology Fransfer Activities Proposed for 1956/97

Month Function  Topic Reach Pam. Time
(days)
July Sesminar “the Search for Naw 130 ETT 1

Technology in Australian
Horestry” Royal Society of

Tasmania
Aug. Workshop  "Water use and water relations’ 20 KP 2
{technical}  {at CRC)
Aug. ‘Overstorey’ 4 issues of the newsletter 130 ETT
July ‘Hot off the Tmplications of resecarch faxed 40 Gi

seedbed’ to paviners,
(At least 12 for the year)

Nov. Field Day  Field day at Boral Timber 33 ETT 2

May Digplay CRC display at Treefest 2000 ETT 4

Aug. Workshops® Workshops will be held for 20 all 2
each company, on site programs

Ang, Visits Research staff will visit 3L all 2
company operations {1 week) programs

*Workshops: ‘Selecting for wood density’, ‘Modelling for site productivity,” "Forest protection’, ‘Site
preparation for plantations’

Tabie 6 Examples of pabiie good research conducted by the CRC

Genetic Improvement Program maintaining site productivity and sustainability

«  Extensive taxenomic molecular and
quantitative studies undertaken on
E. globuiuy populations allowed identification
of 13 races within E. globulus and provides a
framework for the conservation of the genetic
resources of the species,

= Major advances have been made in somatic
embryogenesis of evcalypis at the CRC, The
wechniques developed may well be applied in
the fiture to genetically engincered eucalypt
matertal at the cellular fevel,

»  Taxonomic revision of genus Frealyptus has
cccurred in the Hght of molecular genetics
research conducted at the CRC,

» 'The hybrid breeding project has produced ¥y
and advanced generation hybrids between
E. globulus and hoth E. nitens and E. gunaii,
These could lead to the development of
synthetic lines to exploit marginal sites.

»  ldentification of the gibberellin biosynthetic
pathway in eucalypts

Soil and Stand Management Program

«  Excavators conserve topsoil during clearing,

of forest practice.

Water use of plantations has been partitioned
into layers so models can more accurately
predict species response to climatic variables,
enabling prediction of soil-water balance,

Kinetics of NO3- and NH%+ uptake by eucalypt
roots is work pioneered af the Centre.

Effect of temperature on photosynthesis,
temperature acclimation and depression of
photosynthesis after frost, This will be used in
models of plantation productivily and fo
determine location of plantations at high
altitude.

Resource Protection Program

A survey of the leal volatile oils and waxes in
euncalypts has allowed identification of
biochemical markers at the species, series and
subgeneric leve] which provides a framework
for the study of eucalypt-pest interactions.

The taxonomy of the coreid bugs (sap sucking
insects) has been revised and the ecology
etucidated {7 publications) for a group of
polential insect pests.
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Tabie 7 Technology transferred or in the process of being transferred

Genetic Improvement Program

Wood density identified as an impostant
characferistic in pulpiag cosis.
- breeding objectives adjusted {1995}

Pilodyn measurements have aliowed estimates
of basic density,
- included in breeding programs (1995}

Provenance of E. globulus with desirable high
density identified.
- used by seed collectors (1995}

Coliaboration has been developed with the
STBA {Southemn Tree Breeding Association)

- provides end usess other than CRC partrers
with access to results of CRC genetics projects
{1994-1996+ )

National genetic evaluation of £. globulus spp.
globuluys (with STBA} using new statistical
methods {BLUP} has provided tree breeders
with the first direct comparison of the breeding
values for groumd 30 000 trees.

- basis for a national breeding program {1994

Reduction in growth due to inbreeding for
E. globufus.
- incorporated into breeding programs {1995)

HMormenal control of Sowering in Excalypius.
- pactobutrazol used in seed orchards (1993}

Flowering times of E. globulns families
defermined.

-~ used in crossing programs and seed orchard
design (1994

Soil and Stand Magagement Program

On most ex-forest sies tested, mineralisation
rates are sufficient 1o maintain concentrations
of N that can sustain high growth rates during
the first two years.

- application of urea af year three

- ureq iy quickly converted to ammonium,
preferred N source for B. nitens {1996

P requirements for eucalypts are low, but on
most sites tested, application of P al planting
improved growth. .

- spot application of B at planting (1995}

Copper deficiency implicated in gross stem
deformities in K. afrens plantations established
on highly fertile ex-pasture sites which receive

additional N and P fertiliser,
- no fertiliser application on fertile ex-pasture
sites {7994

tlse excavators to form windrows as Jegy
topsoil and organic matter is removed, Thig
alse provides a larger area for planting, a mope
uniform stand and increases tree growih
{at year 73,

- excavators recommended for clearing (1963)

Ripping at establishment is generatly not
required, while swface cultivation (mounding)
is required prior to planting to maximise
plantation growth.

- Fipping not required (1995}

Good pre-planting weed contlrol on native
forest sites eliminated need for expensive post-
planting apphications of arazine,

- employment of good pre-planting weed
control {1993}

E. globulus is more tolerant than £, nitens of
moderate water stress during the growing cycle.
-planting of E, globulus on sifes subject to
moderate water stress (1996)

Pruming of up 1o 50% of the crown of E. nifens
had no significant effect on height growth,

- pruning of E. nitens fo obfain solid wood
products (1996)

Simple models of biomass partitioning and
canopy assimilation, and relationships between
feaf area index and site factors have been
derived,

- potential to predict site productivity for
plantations in a form (MAL) likely ro be useful
fo forest managers (1996}

Resource Protection Program

»

Development (with Poresiry Tasimania} of an
Integrated Pest Management Program,
- control of defofiating insects {1992-1996+)

Trap trees of K. regnans 10 control insect
numbers in adiacent plantations of £, niteny.
- used by North Forests (1996)

Differences between provenances of . nitess
in susceptibility to browsing by pademelon.
- potential for use in breeding programs {1 996}
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Tabie 8 nd uvsers of CRC technology

=

End aser Research Program
ANM all programs
North Forests Products all prograsns -
Amcor Plantations* all programs
Bunnings Treefarms® Genetic Improvement and Soil and Stand Management
| Boral Timber Tasmania* all programs
[ Forestry Tasmania all programs
CSIRG all programs
) University of Tasmania s programs
Public good research all programs
STBA membership:
ANM as above
North Forests Products as above
Asmcor as shove
Bunnings Treefarms as above
Foresry Tasmania as above
Primary Industries (SA) Porestry CGenetic Improvement
Kimberley-Clark Australia Genetic Improvement
AE, ©'Connor Pty Lid* Genetic Improvement

* Semal to medivm sized enterprise (SME)

Contracts conducied
Personnel Contracting orgagnisation Date Project
D¢ N Borralho P.T. Iada Kat Pulp and Paper  July 1993 Selection modefiing and
Corporation (10 days) breeding strategies in
Acacia mangium
Dr N Borralho P.T. Indah Kiat Puaip and Paper Apr. 1996 Selection modeliing in
Corporation (3 days} Acacta mangium
Br N Borratho Soporcel Lid Sept, 1995 Swrategic elements for
(15 daysy  Soporcel breediag program
Dr N Borratho North Forest Products Sept, 1993 Gains from alfernative
(1G daysy  deployment options
Dr N Borralho Tasmas Forests Jan. 1996 Prediction of breeding
| (6 days) values in P. radiata clones
Dr N Borralho Cooperative de Mejoramicnto  Feb, 1996 Breeding and selection for

Genetico Foristal, Universidad {14 days) P, radiate
Austral de Chile, and Facuitad
de Ciencias Forestales

Pr F Madden Austratian Centre for May 1896 Review of ACIAR project
International Agricaltaral {id days} i Chiaa
Research (ACIAR)
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Staffing and
Adminis-
tration

Staffing

During 1995/96 some major changes 10 the staffing of
the CRC ocewrred,

At its meeting on March 14 1996, the Board of the
CRC endorsed the appointment of David de Little as
Deputy Director of the Centre. Dr de Little is
Manager of Eucalypt Research at North Zucalypt
Technologies (an enterprise of North Forest Products)
and has been involved with the Centre since it
inception. Dr de Little coniributed approximately
10% of his time o Centre activities in [995/96.
However, since his appointment as Deputy Director
Br de Lite’s contribution to the Centre has risen 1o

25%.

Michael Battaglia, the recipient of an ARC fellowship
at the University of Tasmania in 1994, was appointed
to a research scientist position at CSIRO Forestry and
Forest Products in Hobart, and is now involved as a

modeller on a CRC project.

Mark Hovenden was appointed as 2 postdoctoral
fellow in June 1996 1o investigate the effects of low
temperature and photoinhibition on growth and

photosynthesis in plantation eucalypts.

in March 1996, Greg Dutkowski was appointed w the
position of Tree Breeder with the Genetic
Improvement program. Dutkowski, formerly of
Bunnings Treefarms, is also undesiaking PhD studies
through the CRC,

During the year under review, Dorothy Steane
received the annual award from the Liancan Society
for the best thesis in plant science in the United
Kingdom, She is currently working on the molecular

basis for phylogenetic relationships in Eucalyptis,

In line with a recommendation froni the Third Year
Review, the position of Business Manager was created
and Jan Lynch was appointed o this position in
September 1995,

Technical appointrents made during 1995/96 were:
Mariin Tyson, working with Robin Cromer in the area
of nutriest partitioning, and with Chris Beadle in the
area of canopy processes; Stuart Skabo, assisting Rend
Vaillancourt n his work on molecular genetics; Scon
Pepper, working with Jean-Noél Ruaud in the area of
embryogenesis; Stephen Turner working with Clare
McArthur on vertebrate browsing; fason Lawson
working with Carolyn Raymond on wood properties;
and Helens Nermut working with Brad Potts on
eucalypt genetic. Paul Tilyard replaced Peter Gore as
the technician working with Brad Potts in genstic

parameters

New students starting with the Cestre this yvear
inciude: 10 PhD students - Paul Adams, Greg
Dutkowski, Peter Kube, Sven Ladiges, Michelle
MceGranaham, Jfane Medhurst, Dasicl Mendham,
Martin Moront, Tara Simmul, Dean Williams; one
Masters student, Grant Westphalen and 3 Honours
students, Paul Black, Eleanor Loughhead and

Charles Warren.

Borothy Steane {photo courtesy of the ‘Examiner
ROWSDANGK)

B o
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Administration

The number of meetings held by the Board and other

Committees during 1995/96 were as follows:

Board of Management 4
industry Research Commnitice 3
Scientific Review Committee A
Management Committes 13

*A gcientific review wag conducted by an external
review parel in June 1996 and an additional internal

review in 1995/96 was scen as unnecessary,

A revised Strategic Plan for the Centre was developed
in 1995 and used to develop the objectives and
strategies for a Business Plan. 'The Business Plan
documented the major research, marketing, financial
and training objectives for the CRC, and developed
strategies for the achievement of these ohjectives prior
to the end of June 1998. Both documents were
distributed to all staff, students and industry partners.
The Key Objectives for the Centre were defined in the

Business Plang as -
Research Objectives

«  Improve the efficiency and effectiveness of the
applied research and development of indusiry
partners through fostering and facilitating

cooperative research,

« Produce research outcomes which improve the
competitiveness of indusiry partners, as well as

heing of interest fo a wider range of stakeholders.

»  Hngure the loag-term viability of Ausiralia's forest
indastry through high guality, relevant research i

sustainable plantation forestry,
Marketing Objectives

+ Communicate the economic benefits of the
Centre's research and fechnology (ransfer programs

amorigst ail stakeholders,

»  linsure industry captores the benefits of research

through effective technology transfer,
Financial Objectives
«  Diversify the Centre's funding hase.

+  Be successful in achieving fusding for a new CRC

in the 1996 application round,

»  Management of research oufcomes fo maximise

opportunities from the development of infeHectal
propesty.
Training Objective

+  Provide relevant education and training that meets
the skill formation needs of mdustry partners and

nationa] forestry objectives,

A 'Handbook for Stafl and Students’ was developed
and distributed during the year, to assist new staff and
stidents, as well as being a resource for existing staff
and students. The Handbook details contact points,
administrative guidelines and a range of issues

applicable to those who are involved with the CRC,

A major reworking of intellectusl property
documentation was andertaken during the year,
Entellectual property statements for all research
projecis have been developed, in comsultation with
industry pariners, fo ensare appropriafe records of both
proprictary and Centre intellectual property are

maintained and reviewed.
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Fifth Year Review

The Fifth Year Review panel lrom leff 1o right: Dr ke Carson, Prof Roger Sands and Mr fan Whyte

As a first round CRC, the Centre was required to
undertzke a Fifth Year Review. Stage One of this
Review took place over the period June 2425 1996,
with Stage Two due to oceur from September 3-5
1996.

Table 9 Specified personnel in the CRC

The Stage One Review Panef consisted of:

» Dr Mike Carson (Chairman), Manager .
Biotechnology Division, New Zealand Forest

Research Institute

+  Professor Roger Sands, Head - School of Forestry,

University of Canterbury, New Zealand

+  Mr Ian Whyte, Chief Executive, Forest Industries

Association of Tasmania.

The CRC's Visitor, Dr Peter Nelson, participated in an
advisoryfresource capacity, and was in attendance

during the two days of the Stage One Review.

Stage One of the Fifth Year Review was 2 scientific
techaical review of the Cenpre’s projects. It was an
independent review focusing on the quality of the
Centre's research activities and their contribution to
technology transfer, taking into account aspects of

atilisation and commercialisation,
The repost of the Stage One Review Panel will be

presenied soon 1o the Board for their comment, and

will then form part of the Stage Two Review Report.

Improvemem Program

Protection program

Technology Transfer
program.

Name Titte Employing Agency Proportion of time
inthe CRC

Professor James Reid Director University of Tasmania G.5

Dr Bavid de Little Deputy Director North Forest Products 0.1%

Dr Nuno Borralho Manager, Genetic University of Tasmania 1O

Mr Robin Cromer Manager, Soil and Stand  CSIRO Forestry G.5
Management program and Forest Products

Pr John Madden Manager, Resource University of Tasmania 04

Dr Neil Davidson Manager, Education and  University of Tasmania 1.6

*Since Dr de Little’s appointment as Deputy Director his contribution to the CRC has risen 1o 0.25.
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Genetic Improvement

Refereed publications

Borralho, NMG and Kanowski P} {1995)
Correspondence of performance between
genetically related clones and seedhings, Can 1.
For, Res. 38, 500-500.

Borralho NMG and Polis BM (1996). Accounting for
native stand characteristics in geneiic evaluations
of open polinated progeny from a Euwcalyprus
globuhus base population. New Porests 11, 53-64,

Greaves Bl and Borralho NMG (1996). The influence
of basic density and pulp vield on the cost of
euncalypt kraft pulping: a theoretical model of tree
breeding, Appita 49, 90.95,

Hardner CM and Potis BM (1095}, Inbreeding
depression and changes in variation after selfing
in Eucalyptus globulus sobsp. globulus. Silvae
Genetica 44, 46-54

Hasan O and Reid JB (19933, Reduction of generation
time in Eucalyprus globulus. Plant Growth Regul.
17, 5360

Hoedge GR, Volker PW, Potts BM and Owen 3V
{1996}, A comparison of genetic information
from open-pollinated and control-poliinated
progeny tests in lwo cucalypt species. Theor. and
App, Gen, 82, 53-63,

Neshitt KA, Pots BM, Vaillanconrt RE, West AX amd
Reid IB {1995}, Partitioning and distribution of
RAPD variation in a forest tree species,
Eucalyprus globulns (Myrtaceae), Heredity 74,
628-637.

Vaillancourt RE, Potts BM, Watson M, Volker PW,
Hodges G, Reid IB, and Waest A (1995).
Detection and prediction of heterosis in
FErcalyptus globuius, For, Gen, 2, 1119,

In press

Araujo JA, Sousa R, Lemos L and Borratho NMG
(1996}, Hstimates of genetic parameters and
prediction of breeding values for growth in
Eucalyptuy globulus combining clonal and full-
sib progeny wformation. Silvae Genet.

Chambers PGS, Borralio NMG and Potis BM (1996),
Genetic analvsis of survival in Eucalypfus
globulus ssp. globulis. Sitvae Genel.

Greaves Rl., Borralho NMG and Raymond CA
£1994). Breeding objectives for plantation
cucalypts grown for production of kraft pulp,
Forest Science

Greaves BL, Borralho NMG and Raymond CA and
Farrington A (1996}, Use of a Pilodyn for the
indirect selection of basic density in Fucafypfus
ritens, Can, L of For. Res,

(reaves BL, Schimieck LR, Borralho NMG, Michell
Al and Raymond CA (1996). Geneticcontrol of
Near Infrared Reflectance from Bucalyprus nitens
ground wood. Appita

Greaves Bl Borralho NMG and Raymond CA
(19963, Assumptions underiying the use of
economic weights - are they valid in breeding for
cucalypt kraft puip? New Forests

Hardger CM, Vaillancowt RE and Poits BM (10961,
Stand density influences onlerossing rate and
growth of open-pollinated families of Excalyprus
slobulus. Silvae Genetica

Jackson MJ, Line MA and Hasan O (1996), Microbial
degradation of a recalcitrant plant growth
retardant - paclobutrazel (PPF333), SoH Biol.
Biochem,

Kanowski P¥ and Borralho NMG (1996), What should
mature tree breeders be doing? New Forests

Potts BM, Nesbitt KA, Sale MM, Tyson M, Steane
DA, Vaillancourt RE and Reid IB (19986},
Applications of molecular markers in encalypt
genetic. In Research Working Group No. | of
the Ausiralian Forestry Council, Forest Genetics,
Proceedings of the Thirteenth Meeting. Rotorus;
- 17th February, 1996 (Australian Foresley
Council: Canberra.)

Potts BM and Wilishire RIE (1996). Eucalypt genetics
and genccology. In ‘Eucalypt Ecology:
Individuals to Heosystems'. (Ed. J. Williams and
J. Woinarski.) {(Cambridge University Press:
Cambridge.)

Reid IB and Potts BM (1996). Eucalypt biology. Tn
Vegetation of Tasmania (eds. IB Reid, RS Hill,
MI Brown and M Hovenden), CSIRO, Melbourne

Ruaud IN, Headley S, Rasmussen & & Hartuey VI
{1956}, Regeneration of adventitious shoots and
roots from seedlings of Fuwealypius nitens, Plant
Cell Tissue Org Cuit

Sale MM, Potts BM, West AK and Reid JB {1996),
Relationships within Eucalypins (Myraceae)
using PCOR-amplification and  southern
bybridisation of chloroplast DNA. Aunst. Syst
Bot.

Williams K and Potts BM {1996}, The patural
distribution of Eucalyptus species in Tasmania
with aleitude and flowering times, Tasforests 8.

Linrefereed publications

Borralho NMG (1995), Surategic elements for
Soporcel's breeding program. Confidential
Contract Report, 26 pp.

Borralho NMG and MacDonald AC (1995}, Prediction

of breeding values in farm and forest trials.
Confidential Contract Report, 23 pp,
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Borralho NMG {1995). Strategic elements for
Soporcel’s breeding program. Confidencial
Contract Report, 26 pp.

Borraiho NMG and MacDonald AC {1893}
Prediction of breeding values in farm and forest
trials, Confidential Contract Report, 25 pp.

Downes G, Hudson §, Raymond C, Dean G, Michell
A, Schimbeck L, Bvans R and Muneri A {1996).
Sampling plantation eucalypts for wood and fbre
preperties, Confidential joint report of CRC-
Temperate Hardwood Forestry and CRC-
Hardwood Fibre and Paper Science. 140pp and
electronic format as Windows Help Fie.

Downes G, Hudson I, Raymond C, Bean G, Michell
A, Schimleck i, Evans R and Muner A {1996),
Sarapiing plantation encalypts for wood and fibre
properties, Confidential joint report of CRC for
Temperate Hardwood Forestry and CRC for
IHardwood Fibre and Paper Science, and
elecironic Format as Windows Help File; 146 pp

Gireaves B and Borralhio NMG (1996}, The influence
of bagic density and pulp vield on the cost of
eucalypt kraft pulping: a theoretical model for
tree breeding. 50th Appita Annual Generasl
Conference, Auckland, New Zealand; pp. 859
864..

Hand RC (1996}, Establishment report: Interspecific
grafting trial (Eucalyptus globulus, E. nitens and

technical report (distribated o fand owner NFP}L

Howller P and Thompson CF {1996}, Modelling
selecting and mating decisions in tree breeding
programs. Mathematics-in-Tndustry Study Group
{MISG) Repore: 17 pp..

Tarvis 8F and Borralho NMG (1995), The STBA
Cooperative Breeding Strategy for Eucalyptus
globulus and E. nitens, A joint techaical report by
the Sowhern Tree Breeding Association and the
Coeperative Research Centre Tfor Temperate
Hardwood Porestry.

Kube P, Bail { and Borratho NMG (1995). Genetic
paramelers of Eucalyptus nitens across a wide
range of sites in Australia and New Zealand,
CRC-THYF Internal Repost.

Kube P, Bail T and Borratho NMG (1995), Genetic
parameters of Fucalypius nitens scross a wide
range of sites in Australia and New Zealand.
CRCTHE Internal Report.

Muneri A and Balodis V {1996). Within-tree variation
of fibre coarseness in Acacia mearnsii and
Eucalyptus grandis grown in Zimbabwe, 50th
Appita Annual General Conference, Auckinnd,
New Zealand, May 1996; pp. 883-890.

Muneri A and Raymond CA (1996}, Basic density in
E. globulus and E. pitens: within-tree variation

and sampling recommendations. Confidentia}
Techaical Report to CRC-Temperate Hardwood
Forestry Industrial Partners. 10pp.

Munert A and Raymond CA (1996}, Basic density in
E. globulus and B nitens: within-tree variation
and sampling recommendations, Confidential
Technical Report to CRC for Temperate
Hardwood Forestry industrial partners; 10 pp,

Steane D {1995), Microsatellites - a new research
prospect in the CRC-THE. Confidential report
sent 1o all industrial partners.

Tibbits W and Borralho NMG {1993}, Gaing of
different clonal options for deployment of
improved Encalyptus nitens in North Forest.
Confidencial Contract Repost. 16 pp.

yard P and Potts BM {1996}, Establishsnent report:
1995 block plantings of £, globulus, Internal
CRO-THF technical report (distributed to land
owners NFP, Forestry Tasmaniz),

Tityared P and Potts BM (1996). Establishment report:
E. niteny x globulus advanced generation hybrid
THF technicaimrcp()rt {distributed to land owners
NEP, ANM and Boral}.

Tityard P, Hardaer € and Poits BM (1996},
Establishment report: B, globwlus co-ancestry
THF technical roport {distribated o land owners
NEFP, Forestry Tasmania),

Seil and Stand Mangement

Refereed

Battaglia M, Beadie C and Loughhead 5 {1996).
Photosynthetic temperatures responses of
Eucalvptus globufns and Ewcalyprus nitens, Tree
Physiol. 16, 81-89.

Battaglia M and Williams KI (1996}, Mixed species
stands of eucalypts as ecotones on & water supply
gradient. Oecologia 44, 123-137,

Cromer RN (19963, Silviculture of eucalypt
plantations in Australia, Chapter 11, in ‘Nutrition
of the eucalypts’, (Bditors P A#tiwiil and
M Adams) pp 259-274. CSIRO, Melbourne,
Australia,

Kriedesmann PK and Cromer RN {1996}, The
sutritional physiology of the Eucalypts -
Nutrition and Growth. Chapter 3, [ 'Nutrition of

- the eucalypts’ {Editors P Attiwill and M Adams),
pp 109-122, CSIRO, Melbouwne, Australia.

Oster GHR, West PW, and Downes GM (1956
Effects of bending stress on taper and growth of
stems of young Eucalypius regnans trees, Trees;
Structure and Function 16, 239-246,
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Sands P¥ (1995a), Modelling canopy production, 1.
Optimal distribution of photosynthetic resources.
Aust, 1, Plant Physiol, 22, 593-601,

Sands PJ (1995b). Modelling canopy production. T3,
From single-leaf photosynthetic parameters to
daily canopy photosynthesis. Aust. J. Plant
Phiysiol. 22, 603-614.

Sands PT (1996). Modelling canopy production. i
Canopy light-utilisation efficiency and s
sensitivity to physiological and eavironmental
variables, Aust. J. Plaat Physiol., 23, 103-114.

Sands PI and Smethurst PJ (1995), Modelling plant
growtht in Ingestad units using Michaelis-Menten-
like notrient-uptake kinetics, Aust. §. Plamt
Physiol. 22, 823-831.

Voit EO and Sands P¥ {1996a). Modeling forest
growth, 1. Canonical approach. Ecol. Modelling
86, 51-T1.

Voit EC and Sands PJ (1996b). Modeling forest
growth. I, Biomass partitioning in Scots Pine,
Heol. Modelling 86, 73-89.

Wang X¥, Smethurst PJ and Herbert AM (1996},
Relationships between three measures of organic
satior or carbon i soil of encalypl plantations in
Tasmaria. Ausl. J. Soil Res, 34, 545-53,

West PW {1995). Application of regression analysis {o
inventory dala with measurements on successive
occasions. Por, Heol and Manage, 71, 227-234,

West PW and Osler, GHR (1895), Growth response 1o
thingsing wné its relationship to site resources in
Eucalyptus regrans. Can. I of For. Res. 25, 69-
80,

White DA, Beadle CL and Worledge D (1996). Leaf
water relations of Eucalyprus globulus ssp.
globulus and E. witens: scasonal, drought and
species effects, Troe Physiol. 16, 469-476.

in press

Battaglia M (1996), Dormancy and seed emergence
finse effects on the survival and easly growih of
Fucalyptus delegatensis and E. amygdalina. Aust,
1. Bot.

Beadle CL. Dynamics of leaf and crown development
in plantations, In: Management of soil, nuitients
and water in tropical plastation foresis (EXS
Nambiar and AG Brown, eds.). ACIAR,
Canberra,

Beadle CL. Canopy architectwre and absorption of
senlight. [ Plants in action (PE Kriedemann of
al., eds.). Australian Society of Planl Physiology
inc.

Readle CL. Phystology of eucalypts. In: BEucalypt
diseases (P Keane ot 1l eds ).

Beadie CL, Turnbull CRA and Dean GH (1996),
FErvironmental effects on growth and kraft pulp
yield of Eucalyptus globulus and E. nitens.
Appita

Davidson Ni, Galloway R and Lazarescu G (1996),
Growth of Arriplex amnicola on salt affected soils
in Western Australiz, 1. Appl. Ecol.

Honeysett I, White DA, Worledge I and Beadle CL
(1996Y, Growth and water use of irrigated
Eucalyptus globulus and E. nitens in irrigated and
rainfed plantations, Aust. For,

Misra RK and Gibbons AK (1996}, Growth and
morphology of cucalypt scediing-roots in relation
1o soil strength arising from compaction. Plant
and Soil,

Misra RK and Li FEY (1996). The effects of radial soil
confinerment and probe diameter on penetrometer
resistance. Soi Tillage Res.

Osler GHR, West PW and Laffan MD (1996). Test of
a system to predict productivity of eucalypt
piantations s Tasmania, Aust, For .

Sands PI, and Voit EO {19963, Flux-based estimation
of parameters in S-systems. Ecel. Modelling

Upwin GL and Hunt MA {1996,y Conservation and
management of soft tree fern Dicksonia
antarerica in relation to commercial horticulture,
Proceedings of preridophyte symposiom "85, Kew
Gardens, London.

Wang X3, Smethurst PJ and Holz GK (1996},
Nitrogen mineralisation Indices in ferrosols under
eucalypt plantations of north western Tasmania in
association with previous land use. Aust. 1 Soil.
Res. 34,

Zang Daogqun, Beadle CL. and White DA (1996}
Variation in sapfiow in Bucalyptus globulns with
position i sapwood and use of a correlation
coefficient. Tree Physiol

inrefereed publcations

Cromer RN {1995), Environmental limitations to
growth of plantation eucalypts. In
“Epvironmental Management: the role of
Fucalypts and other fast-growing species”
Proceedings of a Joint Australian - Japanese
Workshop, CSIRO Division of Forestry,
Canberra 23-27 October 1995,

Crorster, RN {19965}, Research (o increase and susiain
productivity of hardwood plantations in Australia,
Australian Forest Grower, Special Lift-ont
Section No. 35, 191y -8,

Cromer RN (1996}, Rescarch {o increase and susiain
productivity of handwond plantations in Australia.
Ausdralion Forest Grower. Special Liftout Section
No 33, 1941) 1-8.
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Cromer RN, Balodis B, Cameron D, Garland CP,
Rasce S and Ryan P {1996). Growth and kraft
puiping characteristics of &, grandiy in response
to fertiliser near Gympie, Queensiand. In:
Proceedings 59th Appite Annual General
Conference, Vol 1, pp 303-309. Auckland NZ 5-
10 May 1996,

Misra RK (1993}, Effects of cultivation methods on
tree-growth and penelrometer resistance in
P radiate plantations, AMCOR Plantations
Techaical Report 95/10; 6 pp.

Rose CW, Coughlan KJ, Ciesiolka CA and Misra RK
(1996). Developments m soil-erosion theory used
in tropical soil conservation prolects. Proceadings
of the 8th International Soil Conservation
Conference, 4-8 Dec. 1994, New Delhi.

Sands PI (1993}, Proceedings & Report - ForMod93: a
Tree & Forest Growth Modelling Workshop,
CSIRG Division of Forestry and CRC for
Temperate Hardwood Forestry, Hobart, Australia,

Tuenbuli CRA and Beadle CL {1995}, Fuel
decomposition in southern forests and its
significance for pruning and thinning operations
in £. sitens plantations. Report to FFIC
Tasmania, Intensive Forest Management
Program.

West PW, Lennon SM and Cromer RN (19935
Modelling growth of Fucalyptus grandis
plantations with FOREST-B8GC. In: The potential
for plantations of Eucalyptus grandis in coastal
Queenshand. A report to Shell Australia, CSIRO
Division of Forestry. June 1995, 21 pp.

Resource Protection

Refereed

Clarke AR {1995}, Integrated pest management in
forestry: some difficnities in pursuing the boly-
grail. Aust. For. 58, 130157,

Clarke AR and Walter GH (1993}, "Straing” and the
classical biological control of insects. Canad. 1.
Zool, T3 1T V190,

Foley WI and McArthur C (1994). The effects and
costs of allelochemicals for mammalian
herbivores: an ecological perspective, pp, 370~
391, In ‘D) Chivers and P. Langer {eds),. The
Digestive System in Mammals: Food, Form and
Function.” Cambridge Usniversity Press,
Cambridge, UK.

Hunt 1, Gallan PJ and Reid CAM (1996}
Chrysomelidae {Coleoptera) and other
phytophagous ingects in a plantation of black
wattle, Acacfa mearnsii de Wild,, Th south-gastern
Australia, I Aust. Ent. Soc. 38, §5-92

Lt H, Madden JL and Pots BM (1993} Variation in
volatile oils of the Tasmanian Eveadyping species,

1. Subgenus Monocalypius Biochem, Syst, Ecol,
23, 299348, N

Marsh NR and Adams MA {1895}, Decline of
Eucalyptuy tereticornis near Bainsdale, Victoria:
insect herbivory and mifrogen fractions in sap and
foliage. Aust.).Bot, 43, 39-50.

MeArthur C, Sanson D and Beal AM {1993},
Salivary proline-rich proteins in mammals: roles
in oral homeostasis and counteracting dictary
tannin, I Chem. Feol. 21, 663-691,

In press

L3 H, Madden JL and Pouts BM {1996,) Variation in
volatile oils of the Tasmanian Eucalyptus species.
II. Subgenus Symphyomyrius, Biochem, Syst
Feol, 24,

Shohet D and Clarke AR {1996}, Life history of
Chanliognathus lugubris {F.) {Coleoptera:
Cantharidae) in Tasmanian forests. Aust, I
Entomol.

Steinbauer MJ {1996). A note on manna feeding by
ants. J. Nat, Hist,

Steinbaner MJ and Clarke AR (1996). Revision of the
genus Acgniholybas Breddin {(Hemiptera:
Coreidae), Ann. Emtomol. Soc. Am. 89,

Steinbaver M, Taylor GS and Madden . (1996).
Comparison of host plant damage caused by
Amorbus obscuricornis and Gelonus tasmanicus:
two corelds specific to Eucalyptus with different
phytotoxicoses, Entomol, exp. et Appl,

Education and Technology Transfer

Theses submitted by CRC students

Hayden M {1993). Mapping QTLs for growth
flowering and wood properties in Eucalyprus
globutus. BSc Hong. Thesis, University of
Tasmania.

Matysek R (1995). Plant hormones in Fucalyprus
globulus and Fucalyprus nitens. BSc Hons.
Thesis, University of Tasmania.

Reid I8 (1993}, DS¢ Thesis, University of Tasmania.

Steinbauer M (1995}, The blogeography and host plant
utitisation of euncalypt feeding Coreidae
{Hemiptera: Heteroptera). Phi Thesis, University
of Tasmania.

Tyson M 41993}, The determination of size and the
estimation of age of genotypes in a maliee
encalypt stand, BSc Ions, Thesis, University of
Tasmania,

White D {1996}, Drought responses of Fucalyptus
witens and E. globulus in plantations. Phi> Thesis,
University of Tasmania,
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Communica-
tion

Public Presentations

Genetic Improvement

Borrallle NMG and Dutkowski G {1996}
Comparative gains between discreie and
contingous breeding schemes. QFRI-IUFRO
conference, "Tree Improvement for sustainable
forestry'. Caloundra, Queensland, Australia,

Dungey S and Potts BM (1993), Hybrid
suseeptibility: a specific case for Eucalyptus
amygdaling x F. risdonii 1n SE Tasmania. Paper
presented at the Anncal meeting of the Ecological
Society of Ausiralia, Sept. 1995, Hobart,
Tasmania. (Absiract published; ¥ Dungey
awarded ESA student prize for excellence.)

Hardner C, Borralho NMG, Goddard M and Tier B
(1996}, Accounting for dominance and inbreeding
using individual tree ‘Mixed Models’. QFRI-
IUFRO conference, "Tree Improvement for
sustainable forestry’. Caloundra, Queensiand

Hardner OM and Potts BM (1995), Natural selection
in Fucalypius regrans, 8 fre sensilive forest tree
from SE Australia, Paper presented at the Annual
meeting of the Ecological Society of Australia,
Sept. 1995, Hobart, Tasmania. {Abstiract
published: € Hardner awarded ESA student prize
for excelience.}

Hardner CM and Tibbits WN (1996). Wood density in
Fucalyptes nitens is vnder strong additive genetic
control. QFRI-TUFRO Conference, Tree
Improvement for Sustainable Forestry, Caloundra
Queensland {abstract accepied, paper in prep.).

Neshitt X, Potts BM and Reid IB (1995). RAPD
markers in Fucalyptus globulus. in Advances in
Biochemisiry and Molecular Biology.
Proceedings of the Australian Society for
Biochemistry and Molecular Biology Congress,
Svdney 19935 (poster abstract).

Potts BM and Borrallio NMG (19953, Selection from
base popuiations of Eucalypfus: A case study. In
CTIA/WEGA 1995 Conference, 29-31 Aug.
1995, University of Victoria, British Columbia
{poster abstract published).

Potts BM, Hardner CM and Vaillancowt RE (1995).
fntegrating phenotypic and marker data in studies
of inbreeding depression. In Proc. Neorth
American Quantitative Forest Genetics Group
Meeling, 28 August 1993, Usiversity of Vicloria,
British Columbia {abstract published, invited
talk),

Potts BM, Hodge GR. Volker PW and Hardner CM
{1908}, The accuracy of genetic parameters and
breeding values estimated from open-poliinated
progeny of Encalypries globulus. In CTIA/WEGA
1995 Conference, 29-31 Ang, 1995, University of
Vietoria, British Columbia {poster abstract
published)

Potts BM, Borralho NMG, Hardner CM and
Vaillancoust RE (1996}, Using genetic markers to
account for mbreeding in “Mixed Models'.
SRIEG Mesting - Novel Applications for
Molecular Markers in Forest Trees: The Next
Five Years, Fouston, Texas, 23-25 June 1596
{invited talk; abstract published),

Potts BM (1996), Limitations to selection and
deployment strategies imposed by genetic
variation in flowering time and precocity in
Encalvpius globuius. Talk presented at Research
Working Group No, | of the Australian Foresley
Council, Forest Genetics, Thirteenth Meeting,
Rotorua; 11-17 Feb, 1996,

Ruaud IN, Chusrchill K and Pepper § (1996}, Somatic
embryogenesis initiation in Evcalyptus nitens.
Summary for poster accepied for Third
International Symposium on Tn Vitre Tissue
Culture and Morticaltural Breeding', Jerusalem
{Israel), 16-21 June 1996,

Mitchell A, Potts BM and Vaillancourt RE (1996).
Allozyme variation in Eucalyprus globulus ssp.
globulus. {Accepted) QFRLIUFRO Conference
“Tree improvement for sustainable {ropical
forestry.” Caloundra, Queensland, Australia.

Potts BM, Borralho NMG, Hardner OM and
Vaillancourt RE (1996), Using genctic markers to
aceount for inbreeding in "Mixed Models’.
SRIEG Meeting ~ Novel Applications for
Molecniar Markers in Forest Trees: The Next
Five Years, Houston, Texas, 23-25 June 1996,
{Invited talk; absiract published).

Ruaud IN, Churchill K & Pepper S {1996}, Somatic
embryogenesis initiation in Ewncalvptus nitens.
Summary for poster accepted for: Third
International Symposium on In Vitre Tissue
Culture and Horticultural Breeding, ferusalem,
Israel, June 16-21.

Vaillancourt RE, Hayden MJ and Potis BM (1996},
Overview of QTL and Hnkage work at the CRC
for THF. In Rescarch Working Group No. 1 of
the Australian Forestry Councdl, Porest Genetics,
Proceedings of the Thirteenth Meeting, Rotoruat
11-17th February, 1996 (Awstralian Poresiry
Counal: Canberra,} (in press)

Seoil and Stand Management

Cromer RN (1995}, Eanvironmenial Hmitations (o
growth of plantation eucalypts, In Favironmental
Management: the role of eucalypts and other fast-
growing species (Proceedings of a Joint
Austratian-Japanese Workshop). CSIRO Division
of Forestry, Canberra, 23-27 Oct. 1995,

Pinkard E, Beadle CL and Davidson NJ (1995},
Changes in crown productivity asd stem growth
of Eucalyprus nitens in response 10 Zreen pronmg.
J4th ASPP Meeting, Broadbeach, Qld,
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Resource Protection

Baker S (1993). A comparison of feeding,
development and survival of larvae of the leaf
heetle Chrysophtharta bimaculata (Clivier)
(Coleoptera: Chrysomelidae} on Eucalypins
pitens and Encalyptus regnans. Program and
Abstracts, Eeological Society of Australia 1995
Open Forum and Symposium Conference, 27-29
Sept. 19935, Hobart, Tasmania. Paper abstract, p.
26,

Bulingki § {1993, Predicting browsing damage in
edcatypt plantations. 1993 Open Forum and
Symposium Conference, Ecological Society of
Australia, Hobart, 27-29 Sept, 1993, Poster
abstract p. 29,

Bulinski T (1995), Native Tasmanian vertebrate
populations and browsing damage in timber
plantations. The Nicholson Centenary Meeting,
Frontiers of Population Beology. TUanberra,
Australiz, 18:h-22nd April. Poster.

Bulinski I {1993). Vertebrate browsing and timber
plantations: development of a risk assessment
model.  10ih Vertebrate Pest Conference, 29th
May - 2nd June. Poster abstract p4d22.

Clarke AR, Congdon B, Lange C, Raymond C and
Zalucki M (1995), Understanding the spatial
dynamics of a encalypt herbivore from a whole
state to an individual tree, Program and Abstiracts,
Heological Society of Australia 1993 Open Forum
and Symposium Conference, 27-29 Sept. 1995,
Hobart, Tasmania. Paper abstract, p, 32.

Clarke AR (1993). Spatial dynamics of
Chrysophtharta bimaculata sud implications for
management. CSIRO Division of Forestry,
Hobart, Tas., Aug. 1995,

Hlek §, Bashford R and Ramsden N (1993}, Aerial
appiications of Bacillus thuringlensis for
controlling leaf beetles in Encalyptus plantations.
Program and abstract, Bt Symposium of the
Australian Society for Microbiology, Scientific
Meeting and Exhibition, Canberra, 24-29 Sept.
1993 In Aust. Microbiol. 16(4). Paper abstract, p.
312

Elek J, Greener A and Ramsden N (1893). Bifect of
leaf beetle populations on eucalypt plantations,
Program and abstracts, The A Nicholson
Centenary Meeting, The Frontiers of Population
Heology, Canberra, 18-22 Apr. 1995, Poster
abstract, p. 63,

MoArthur C (19038). Are phesolics in Fucalypus
really any use in defence against marsupial
herbivores? 1993 Open Forym and Symposiam
Conference, Ecological Society of Australia,
Hobart, 27-29 Sept. 1993, Paper abstract, p. 53,

Madden iL., Clarke AR and Eliott HJ (1995).
Resource Protection within the Cooperative

Research Centre for Temperate Hardwood
Forestry, X1 International Plant Protection
Congress, The Hague, The Netherlands, 227 fuly
1993, Poster abstract No. 119,

Madden JL, Clarke AR and Ellioyt HJ {1993), The
development of ag IPM program to control the
eucalypt defoliating beetle Chrysophtharty
bimacwlara Olivier (Coleoptera: Chrysomelidae),
XII Internat Plant Protection Cong., The Hapue,
The Netherlands, 2-7 fuly 1995, Paper abstract
No. 891,

Marsh N (1993}, Browsing of Eucalyprus seedhings in
plantations by native marsupials. 1995 Open
Forum and Symposigm Conference, Ecological
Society of Australia, Hobart, 27-29 Sept, 1995,
Poster absiract, p. 33,

Muarsh N {1993}, Browsing of Fucalyptus seedlings in
plangations by native rmarsupials, 10th Vertebrate
Pest Conference, 29th May - 2nd June. Poster
abstract p438.

Ramsden N (1993}, Life history and development rate
of Chrysophtharta agricola (Coleopters:
Chrysomelidae) on Eucalypius sirens, Program
and Abstracts, Ecological Society of Australia
1995 Opes Forum and Sympesium Conference,
277-29 Sept. 1995, Hobart, Tasmania, Poster
abstract, p. 63

Steinbauer M (1993), Wilting eucalypts: host plant
selection by a sucking bug. 1993 Gpen Forum
and Symposium Conference, Ecological Soe. of
Australia, Hobart, 27-29 Sept. 1983, Paper
abstract, p. 69,

Pablic Relations

Genetic Improvement
Television

‘Super trees’ in plantation forestry (Nuno Borratho),
1995 ABC

Discussion of rescarch achievement (Dorothy Steane),
1996 ARC

Frint

Quistanding research achievement of Director Prof
dim Resd, 1995 The Mercuwry

OCutstanding individual zesearch achievement of Dr
Dorothy Steane, 1996 The Mercury, The
Examiner, Unitas

Somatic embryogenesis {Jean-No#l Ruaud) Onweod

New statistical models to determine breeding values in
plantation cucalypts (Nuno Boreatho} Omwood
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Soit and Stand Management
Radio

The potential of irrigated plantations (Chris Beadie),
1595 ABC

The effect of pruning on free growth (Libby Pinkaxd,
Iane Medhurst}, 1995 ABC

Print

Modelling plantation productivity (Peter Sands) 1993
Cnwood

Effect of frost on photosynthesis of planfations {Neil
Davidson) 1995 Caweod

Effect of pruning on tree growth {Chris Beadle) 1965
Onwood

Comparative water relations of Eucalyprus nitens and
E. globulus {(Don White) 1995 Onwoeod

Sustainable productivity from eucalypt plantations
(Robin Cromer} 1993 Australian Forest Grower.

Resource Profection
Yelevision

Leaf beetle damage to eucalypt forest (Jane Hlek and
Fony Clarke), 1995

Print

New discoveries of Martin Stetnbauer, 1995 Unitas
Education

For details on workshops, short courses, seminars aad
field days conducted by the Hducation and Technology
Transfer Program see Utilisation, Application of
Research, Table 4 p38,

Print

Effects of Federal budget cuts on University funding
and CRCs, 1996 The Mercury
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Grants and

Awards
Title of Reason for Eength of Name of Amount Any
Grant/Award | Award Award Recipient Invoived anticipated
award/prant
- R
Forests and Postgraduate Three years CL Beadle $96,000
Forests Industry | scholarship
Council
Land and Water | Postgraduate Thice years Drs N Mendham | $214,557
Resources stadent, research {Agricultural
Research & assistant Science), P
Development Smethuarst and C
Corporation Beadle
BARC Salaries Twelve months | C McArthur 1. $6279
2, $9350
North Forest Salaries Six months C McArthur $6000
Products
Boral Timber Salaries Six months C McArthur $3500
North Forest Hquipment na  McArthur $12000
Products
FAG CRC Vistor Eight months Fang Dong 1.1 56000
Intensive Forest | Study alternative | Three - four JL. Madden $236,060 $100,000
Management methods of years through
Program insect control FWPRDC
Portuguese Postgraduate Twelve months | PC Teixeira $26,600
National scholarship
Counci] for
Industrial &
Technological
Research
ARC - APA(D Postgraduate Three years AR Clarke, T $87.921
and the scholarship Simmul
Tasmanian
Forest Research
Council
APAD Postgradaate Three years NB8 Borratho $118,5600
scholarship
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The CRC Commonwealth Agreement contaiped
specific indicators against which performance of the
CRC was to be judged. These indicators were agreed
to formally by both the Commonweslth and the CRC.
Outlined below are the indicators (in ftalics) and a
brief outline of the performance of the CRC against

these indicators after five yearg.
Generic Indicators

mportant generic performance indicators will be the
number of publications in internarional, refereed
Journals, the participation of visiting scientists and the

ability to attract external funds
Publications;

The total number of pablications iz over 350 with half
this total in refereed national or internatonal journals
or monographs, with a substantial number of the
remainder as major papers in conference proceedings
{mosily refereed} (Table 10}, The output has grown
substantially with over a four-fold increase from the
first full year of operation (1992) to 1985 (Table 11).

I addition, many shorter visits have occurred
including: Dr Peter Dye (CSIR, Soulh Africa);
Dr Robert Teskey (University of Georgia, USAY
Dr Hphraim Epstein {Isracly; Mr Fernando Baeza
Melendez (former Goverpor of the Mexican State of
Chihuahual Dr Zhang Shaoang (Beijing Forestry
University, China); Dr Claudio Balocchi (Universidad
Austral de Chile); Prof Nayerah Rastin {University of
Gottingen, Germany); Dr Zang Daoqun (Chinese
Academy of Forestryy; Dr Stephen Read {School of
Porestry, University of Melbourne); Dr Philip Moody
{Qld Department of Primary Industrivy Mr Li Fang
Dong and Mr Wang Bao Ping (FAO Tainees from
Paulownia Research Centre, China); plus fouring
groups of foresters from Brazil, Chile, USA, Tndonesia
and China. International and national sclentists have
given numerous seminars during the CRC seminar

series sach vear,
External funding:

Bxrernal funding by CRC staff totalied $2,082,734
from 1991/92 to 1995/96. 1995/96 funds totalled

Table 16 Publications by program and type, 19911996

Program Journat Papers & Conberence Conference Theses Fofad
Bosk Chapters Proceedings Presentations
& Fechnical Reports
G 5t 44 51 16 162
SSM T4 24 25 G 128
RP 32 2 21 3 58
HTT a G { 4 4
Total 157 70 i 29 352

This shows the substantial synergy created by the
Centre since pablications in 1992 largely reflect the
productivity of the individual components that came

together to form the Centre.
Visiting Scientists

The Centre has attracted a distinguished list of
mternafional and national visitors fo work in the

Centre under its visiting scientists scheme {Table 12).

$719.246. Of this amount, $84,100 was received
directly by the Centre for external consultancies,
technical and student support, and $45,000 was
received from partner organisations for specific CRC
project actbvities, The balasce was recetved in the
forte of ARC grants/post-graduate awards of $436,836
across the three research programs, as well as grants
{from the European Research Community, FAO, and
TFMP, and these funds {i.e. the balance) are held
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Table 11 Publications by type and year {note: 1996 figures include articles published,
in press or submitted)

1991 1992 1993 1994 1995 1996
Yournal papess and book chapters 3 13 25 2% 22 6%
Conference proceedings 0 2 it 10 312
Conference presentations and techsical reports i 6 2 3% 33 16
Theses 3 2z 6 16 7 H I
1
Total 7 23 34 M 97 98 |

‘Fable 12 Visiting Scientists

Dr Gary Hodge Unéversity of Florida & months

Dy Eberhard Voit Medical University of South Carolina 16 months

Br Myron Zatucki University of Queensland 3 months [
Prof Alan Berryman Washizgton State University 1 meonth

Dr Peter Kanowsks Eniversity of Oxford 3 months

Dr Heather Keith €SIRO Division of Forestry, Canberra & months |'
Dr Robert Floyd CSIRO Division of Entomology 2 months

Prof Peter Davies Corneli University, New York 9 months

Table 13 Staff and post-graduate student numbers recruited in each year of CRC
eperations (note; data does not include CRC-funded administrative staff, in 1995/96).

Year Research staff Postgrad. students Technical staff All siaff
1981/82 4 16 375 23.78
1982/93 5 15 S 29
1993/94 1 7 4.5 225
1994/95 3 3 3 9
1995/56 2 12 & 20
Planned No. 9 1 10 30 =
Current No, 125 10 11.8 34.3
* CRC-funded studerts oniy.
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separately to general CRC accounts. Staff are also
parl of the project ‘Breeding objectives and selection
criferia to maximise the economic value of sawn
timber® funded by an FWPDRC grant totalling
$886,122. This grant is not included in the total
external funding since the funding i3 recelved through

the OFRI.
Establishment of the Centre

If possible employ up 1o half the new staff for the
Centre in 1991192 and the rest in 1992193

There were some delays invelved in the
commencement of key professional staff, due 1o the
timie taken for relocation from positions overseas and
the granting of visas by the Ausiralian Government,
However, post-graduate stadents were aliracied
rapidly in advance of the timeteble which enabled this
indicator to be met (L. that there were to be 30 CRC-

funded staff recruited in the first year),
Management of the Centre

Complete establishment of administrative services and
svstems at the time the CSIRC Division of Foresivy

moves 1o the University campus in MarchiApril 1992

This indicator was met with the adminisirative staff
and services all in place by the fime of cecupation of
the new CSIRO/CRC building.

renetic Improvement

Production of reliable estimares of hevitabilities and
correlations for commercially desirable tree
characters and of genetic gains in each generation.
Determination of the optimum age for selection of elite
lines and the development of breeding plans.
Estimates of heritabilities and correlations for
important traity will be possible within three years.
Assessment of genetic gain, selection age and
development of breeding plans is dependent on

estimates of heritabilities and corvelations

The last few years have seen a dramalic improvement
in our knowledge of heritabilities and genctic
correlations for key traits in B, globulus, E. nitens and
E. regnans. Published estimates of genetic parameters
for growth, wood density and other trasis prior to the

start of the CRC were very limited (to our knowledge

there were only eight papers published in total with
two of them inchuding wood properties), They were
also based on only a few provenances from the whole

range of the natural distribugion,

Research carried out by the CRC-THF, often in
collaboration with industry partners and breeding
organisations, has produced over 25 papers or
technical reporis on the genetic control of E. globulus
and E. nitens, including the analysis of large
E. globulus and E. nitens base populations, across
Australia, for growth {dlameter and height), flowering
{precocity and peak) and wood density. Work done at
the CRC-THF also inciudes the first estimates from
full-pedigree material for £, globulus and F. nirens,
both in Australia and overseas {Portugal). This
information has been used in breeding programs in
Amstralia. A cooperative breeding strategy, for both
E. globulus and E. nitens, was developed by the CRC-
THF, in collaboration with the STBA and mmdustry
partners, with the program now underway. Selections
carried out in these programs are based on the

estimated genetic parameters.

Ag most parsmeter estimates published for Eucalyprus
are derived {rom open-pollinated progeny from base
populations, considerable work has been done in
improving such estimates. We have made major
advances in understanding the relisbility of such
estimates as well as thelr age-trends and the impact of
site and mortality. We have developed approaches fo
improving genetic parumeter estimates derived from
OF progeny (Bormalheo and Potis 1990) and provided
indications of reliability for specific traits by directly
comparing OF and controlled cross parameter

estimates for growth,

Selection rules have been defined for current breeding
programs. The studies include a detailed ecconomic
model of eucalypl plantations fer kraft pulp
sroduction,  Results demonstrating the Targe benefits
of cooperative breeding were pivotal fo the
development of a cooperative breeding scheme by

the STBA.

Show that hybrid seed can be produced suecessfully

and used in field plantings. Fy hybrid seed will
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continue to be planted and Fy seed could be available

Jor planting within two years

Interspecific ¥y hybrid seed has been produced in
farge quantities, barriers to ity production identilied,
and growth of Fy hybrids monitored. Fq and
backeross hybrid seed was produced for E. gunnii x
E. globulus and E. nitens x K, globulus and trials

established in 1994 and 1993 respectively.

Develop a system to vegetatively propagate elite
material from breeding programs, successfully
establish fleld plantings and reduce production costs.
This is an ongolng activity buf it is hoped 1o establish
the first reasonable sized field plantings within three

years

Significant progress on a cost-effective vegetative
propagation system has been made. The improved
micropropagation system (IMP) halves the number of
steps reguired compared with previous systems, IMP
has been tested successfully in ome industry
laboratory. Tt was found to be g useful system Tor
small-scale research projects such as the screening of
rooting ability across genotypes. However, original
objectives changed significantly, a¢ a resull of the third
vear review and a more recent workshop with industry
partners. The indastry partners also agreed 1o put
more emphasis on the somatic embryogenesis project,
Research done at the CRC-THF indicated:

*  While the program was not able to reliably clone
recaicitrant E. globulus and E. nitens clones,
rooting ability was found to be under strong
genetic control, with encugh genetic variation {o
enable the ideatification of good rooters within any
given family. Rooted cuttings from thig
experiment are going o be planted in the fleld as a

demonsiration ial.

= Screening methods for rooting ability, both in visro
or 45 cuttings, have been made robust and simple.
These results aliow the development of a workable
cloning strategy for temperate Encalyprus,
producing a large number of progeay from
oufstanding families, and subsequently screening

within these families for rooting ability.

*  Somatic embryogenesis has been successfully
induced in both E. nitens and E. globuing. The
high proportion of genotypes dispiayi;;g
competency with somatic embryogenesis {sround
80% whatever the family) does not narrow the
genetic variation within progenies. Furthermore,
within one genotype, up to hundreds of somang
embryos can be obtained, indicating the great
potential of this method for genetic engineering
purposes. However, the somatic embryos do not
develop beyond the globular stage. Achieving il
development of the somatic embryos up to the
germination stage will be our major challenge for

the coming years,

Determine the reduction time for seed production of
elite material and the role playved by the gibbereliing
in the flowering process. The gibberellin biosynthesis
pathway in encalypts should be elucidated within fwo

years

'The gibbereilin biosynthetic pathway has been
determined as the early 13-hydroxylation pathway,
with (GA being the active hormone, By chemical
and cultural means the seed fo seed generation time
has been reduced to 2.5 years for E. globulus from
ihe 3-10 yvears found in plantations. While a
substantially reduced level of GA{ (Jess than 0.1 ng.g
FW-ly s required to allow flowering, it is not the
only factor involved in the promotion of flowering,
Cold is also required and it does not act via the

reduction in GAy levels.

Develop technigues for fingerprinting encalypts using
DNA markers. The University has inftiated work in
this area and it will be possible 1o estabiish
procedures for differentiation at the broad taxonomic
level within two years and develop detailed genomic

RFLPs for individual species by the end of fve years

Genomic and organcllar DNA markers (RFLP and
PCR based) were developed and thelr usefulness
demonstrated at different taxonomic levels; across the
whale of the genus Ewcafypius; between closely
related species; within species such as E. globulus,
and in fingerprinting man-made and natural clones. In
addition, a linkage map in an interspecifie ¥y of

Eucalyptus was the first such map produced in the
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genus. We obtained good evidence for the first case of
QTL. x environment interaction in Eucalyptus. The
feasibility of finding QTLs in Eucalvptus was
demonstrated, which is the first step towards the

realisation of MAS,
Soil and Stand Management

Developmenr of silviculrural practices for the
Judicious management of soils and stands for the

short- and long-tevm management of plantation forests

The folowing guidelines have been developed for
several aspects of silvicultural management of soils

and stands in plantations.
inter-rotation management:

+  Top-soil and organic matter should be conserved
during clearing for plantation establishment, and
can best be achieved using excavators sather than

bulldorers.

»  Ripping of most soils is not justified, but mound or
surface ploughing should be used on all soils

except those that are very well stractured,

+  Good preplanting weed confrel is recommended
because it can reduce the need for expensive post-

planting weed control on ex-native Torest sites.

= The planting of £, globulus rather than E. nitens is
recommended on fow slevation sites where
moderate water stress is experienced as past of the

growing cycle.
intra-rotation management:

+  Pestilisation strategies can be devised for N and P
at specific sites, These straregies include
expectations of the N and P requirements of the
plantations (including weeds and trees), the soils
ability o satisfy these needs, and consideration of

empirical responses observed at many sites.

« P fertiliser wifl be needed at planting on ali ex-
native forest sites: N should also be added {as
meoncammonium phosphate, or yrea with triple
superphosphate). No further requirement for P is
likely to be needed, but further urea applications
will benefit most three- to six-year-old plantations

on ex-native forest sites.

+  Fertilising soon after planting on highly fertile ex-
pasture sites should be avoided because of the
potential 1o induce deformations. Later-age

applications of N may also be unnecessary,

+ Conirol of weeds ia thinped stands is also
recommended because it maximises the growth

response of the remainiag trees,

»  Recovery of the crown after green pruning is
rapid, so eatly pruning followed by thinning can
be applied suceessfully to F. nirens plantations 1o

produce clearwood,

Development of process-based models to predict
wood vields under « wide range of silvicultural

regimes

A pumber of key outcomes have been achieved which

ate listed below under four headings.
Reviews;

« A review of existing forest growth models
indicated that the appropriate accuracy, scale,
types of inputs and range of outputs were suitable

for key forest management questions.

= A review of existing models of cambial activity
highlighted the possibility of modeling cambial
activity of eucalypts as a means to predict
puipwood quality, and hag provided the direction

for a new PhD project in this area.

+  Current forest modelling activity in Australia was
the focus of a major seminar and workshop,
ForMod®5, which has strengthened collaboration

between

and promoted communication

researchers and industry.
Evaluations:

»  An evaluation of an existing and widely used
process-based model (Forest-BGC) was carried
out and the model found to be of limited

suitability for forest management purposes.

»  An existing empirical model for predicting site
quality showed if to be a conservative but biased

predictor of sife quality for eucalypt plantations.

»  Existing datasets suitable for forest growth
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modelling were evaluated and several selected for
collation and use by researchers throughout

Australia.
Madels have been developed that:

+  simulate the Hght eavironment of eucalypt

canopies;

« predict above-ground biomass partitioning in
response to blomechanical constraints on stem-

function;

» predict eucalypt seed germination under
conditions of variable temperature and soil-water

potential;

« estimate daily canopy photosyathesis using
readily available meteorclogical and physiological

data;

« predict site quality for eucalypt plantations using

only simple and readily obtained site deseriptors;
«  predict nutrieat uptake kinetics;

« predict forest growth where processes such as
biomass and nutrient partitioning are poorly
understood by utilising the S-system approach fo

madelling complex systems.
These models have been applied o

+ explain the response of forests to thinning and
highlight the role of competition for water
- between trees and understorey species in reducing

the expected thinning response;

» illustrate the importance of considering
photosynthetic aeclimation o temperature when
simulating forest productivity;

»  predict the mean annual increment of K. globufus
plantations significantly better than does the
existing prediction system;

+ geselve a long-standing international controversy
about nutrient uptake Kinetics,

Resource Protection

Determination of the factors that predispose trees o

attaek by defoliaring insects and mammals. It will be

possible to establish the relative Imporiance of

2.

phenplogy and colowr in host attraction within fwo
vears and (his information can then be assessed for

utitisation in breeding programs

Tree resistance to the Fucalyptus leaf-beetle,
Chrysophtharia bimaculota, is best considered 0 he
due to antixenotic factors {(factors which decrease tree
favourability For feeding and/or oviposition), rather
than antibiotic factors {factors which negatively
infleence bectie growth and survival following
feeding on the tree). In the field, leal colour {the
amionnt of red in flush) is correlated with
', bBimacilate oviposition and subsequent damage, [t
is likely, however, that colowr is a correlate, rather
than the cassative factor of oviposition cholee. Early
and rapid tree growth have also been shown fo lead 1o
lesser mmounts of insect damage. Ongolng work i
suggesting that choice between trees may simply be
related to the amount of soft, expanding folinge
carrvied by the tree at the time of attack; with frecs

with more Hash preferred.

The development of bivfogical control techniques to
minimise the damage caused. Enbanced bological
control for native insect pests has not been tried in
Australia before and It is not possible o provide more

quantitative indicators

An integrated pest management (IPM) strategy to
control leaf-beetles has been developed and uses
currently available control methods {primarily
syathetic pyrethroids) in the most economically
efficient and environmentally sensitive way to reduce
pest populations, while meaintaining popalations of
beneficial insects. Large-seale field trials of the biotic
insecticide, Baciflus thuringiensis {Bit), have been
carried out and ongoing research is aimed at
developing better application technology, Laboratory
trials have also demonstrated that 2 number of fuagal
and bacterial entomopathogens can rapidly kill adult
anc larval Jeaf beetles and a new research project hias
been designed o Turther develop their use.  Anificial
manipuiation of native predator and parasitoid species
has been investigated, but in the Hght of new findings

is now considered to be an inpractical conirol option.

F'u
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Assessment of the feasibility of ZJreedmg”r'n.sec:f
folerant genorypes of Bucalyptus spp. CSIRO Division
of Forestry has been working in this area for two
years. Future divection and strategy depends on
confirming that results are repeatable from season 1o

season and this will take o feast three years

It has been demonstrated that the resistance of
E. regnans and E, pifens 10 msect attack is 4 heritable
trast within family Hnes. A wide range of resistance
classes {from highly susceptible {0 resistant) have been
shown fo ocoar across families. With this information
it is now possible to say that breeding for insect
resistant genotypes is feasible. The commercial
feasibility of incorporating resistance info breeding
programs has vet to be approached, buf is a new

research inttiative being considered for the new CRC.

Development of substances which inhibit or eliminate
browsing by vertebrares. {fiven current knowledye of
preferved and non-preferred genotype of plantation
stock, it is probable key componunds derermining
patatability of foliage to browsing by vertebrates and
invertehrates are fikely to be similar, and it should be

possible to derermine and test these within three years

This performance indicator af the start of the CRC was
based on the current, limifed knowledge available
from a similar browsing/forestry situation in Victoria.
Subsequent research in Tasmania within the
Vertebrate Browsing project in the CRC has shown
that the siteation is not directly transferable to the
browsing species in Tasmania, Consequently, the
aims of the project have been altered substantially
within the last three years, These aims are now being
addressed, and the annual goals set from 1994/93

onwargds have largely been achieved on tine.
Education

The rumber of post-graduate students trained in areas

specified.

We reached the target of 25 post-graduate and honouss
students that was set in the CRC Joinl Venture
Agreement within the first two years of the Ceatre's
operation, In 1891/92 there were 16 honours and post-
graduate students, The total increased to 28 in 1993,
33 in 1994, 37 in 1993 and 41 in 1996, The students

atiracted o conduct PhD projects at the CRE were of
the highest standard (a great majorily with first class

honours), and many recrutted from interstate,
Fhe number of studemts enrolfed in special courses

Special courses designed o train company operational
staff commenced in 1994 with two workshiops 'Basic
Experimental Design’ and "Basic Quantitative
Genetics” {November 1994}, These were well
attended and have been followed by workshops on
‘Forest Protection” (November 1995, May 1996} and
‘Water Use’ {August 1996). Each workshop has
attracted 28 or more participants, drawn from North
Forest Products, ANM, Amcor, Bunnings, Forestry
Tasmania, CSIRO Forestry and Forest Products and

the University of Tasmania.

A special Tour-year undergraduate course in Forest
Eeology, which provides university students with the
background to continne in the forest industyy, attracts

12-15 students a year,

The Graduate Diploma of Science {Forest Processes)
is offered through the Plant Science Depariment and
two students have graduated through this course, but
we have found most undergraduates with high

academic achievement prefer 1o enrol in honours.

The gquality and numbers of post-doctarad fellows

aifracted.

During the Hife of the CRC there have been nine post-

doctoral fellows working in the research programs.

It the Resource Protection program, Dr Tony Clake
has played a key role, leading research in projects 2
and 4 on the control of insect defoliators and the
biology of other insects pests of Eucafypius. Dr Clare
MeArthur who was appoinied in 1995, has also played
a key research role in developing the vertebrate

browsing project.

in the Genetic Improvement program, Dr Greg Jordan
was appointed post-doctoral fellow in 1991 to conduet
a combined analysig of the base populations of
E. globulus, Dy Omar Hasan was post-doctoral fellow
from 1992 to 1994 and identified and guantified
gibberellins, auxing and abscisic acid i the cambial

tissue of £. globulus with the aim of determining their
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effect on wood properties. Dr Jean-No#l Ruaud was
appointed in August 1994 on a project investigating
the use of somatic embevogenesis in vegelative
propagation and is now playing & key role leading the
tissue culture project. Dr Allie Muneri who was
appointed in January 1995 has made a major
coniribution to the new arca of wood science in
project 2, Dr Dorothy Steane who was appointed as 4
medecular geneticist in project 3 in Febraary 1995,
soon after her thesis was completed at Oxford
University, recently received the annual award from
the Linnean Society for the best thesis in plant science
in the United Kingdom. She is currently working on
the molecular basis for phylogenetic relationships in

Eucalyptus.

I Soil and Stand Magagemens, Dr Michael Battaglia,
who was appointed post-doctoral fellow from May
1993 to June 1994, researched the effect of
temperatire-acclimation and chilling infury on the
photosynthesis of E. nifens and £, globulus (project 1),
in 1996, he was appointed 10 a research scientist
position at CSIRO Forestry and Forest Products in
Hobart, and now works with the CRC in another
capacity. Dr Wendy Wang worked for two years
from July 1994 on the important topic of nitrogen
mineralisation in soils. Dr Mark Hoveaden, who was
appoiated in June 1996, is investigating the effects of
low temperature and photoinhibition on growth and

photosynthesis in plantation eucalypis.

Two of the CRC’s post-doctoral fellows, Dr O Jordan
and Dr M Battaghy were successful in securing three-
year ARC fellowships at the University of Tasmania
commencing July 1994, National competition Tor
these fellowships is infense, wilth only ten per cent of

applicants successful,

The acceptance by the forestry conymunily of students

on completion of their studies

Duiring the life of the CRC 10 postgraduale and
Honours students have heen empioyed in the forestyy
industry. Further, ten scientific staff from industry are
currently earolled in PhD or MSc courses al the ORC,
(For details see Utilisation and Application of

Research, point 3)

Technology transfer

The degree of adoption of research results by indusery

Studics conducted in each of the three research
programs at the CRC for Temperate Hardwogg
Forestry have led 1o commercially useful resyhy

which are being adopted by the forest industry,

{(For details see Utilisation and Application of
Research, Table 7).

The guativy and relevance of technical publications

targeted to user groups.

Daring the 1ife of the CRC, the three resesrch
programs have produced 157 refereed publications,
167 unrefereed publications and 29 Honours and PhD
theses. Al of these are of divect or indireet relevance
to plantation forestry and most are published in
Journals of international standing. Copies of these
publications are circulated amongst user groups,
A short sumsnary of the fmplications of the research is
also sent to each of the industriat parteers in our one-

page news sheef entitied ‘Mot off the seedbed’,

The number of seminars, field davs, short courses and

workshops organised

We have run 75 seminars, 20 workshops, four
sympeosia, five short courses and six field days or field
tours in the first five years of the Centre. We estimate
our various exercises in technology transfer have

reached 11,700 people.

Organise one public seminar on the potentigl role of
hardwood plantations in Australion wood supply

within twelve months of Centre establishment

A serles of seminars on *The Role and Polential of
Eucalypt Plantations In Australia’s Wood Supply’ was
held In Hobart on 16 June 1992 and attracted 150

pariicipants.

Organise first short course in the second year of 1he

Centre

Two short courses were held in the second vear of the

Centre:

+  "Tree Improversent for Future Plantations’ - &

one-day workshop run by Ms € Raymond
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{(Genetic program)  and
Dy P Kriedemann, 12 October 1992 (i2
participanis).

Improvement

*Hstablishing Eucalypt Plantations’ — held on 5-6

April 1993 for forest growers and organised by

Dr € Beadle {Soil and Stand Management
program). This was & one-day workshep with
presentations by representatives from each of the

forestry companies plas a field da; and was

attended by 50 participants.

Netes to and forming part of the accoants for 1995/96

Summary of sigaificant accounting policies

All funds snder the Cooperative Research
Centre's control are administered through the
Financial

University of Tasmania's

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 cests. Cost in respect to the
cash contaibutions and expenditure is the cash
sum exchanged in the financial year determined

from transactions recorded on the ITMS,

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

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

(c) Assets and depreciation

Plant and equipment assels 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 cosis are also expensed and

depreciatien is not provided for.

The capital contribution of $130G,000 by the
University of Tasmania in 1994/93 ig part of the
provision of sew laboratories and accommodation
for CRC staff and shudents in molecular biology.
The exteasion was compieted in 1995/96 with a
further contribution of $240,000 to capital costs
being made by the University,

{d; Employee entitlements

Provision has been made for pro-rata entifemnents

to anaual and long service leave.
{e} Partner contributions

Budget estimates of coniributions are taken from
the original Cemmmonweaith Agreement and actual

figures are provided by the partners.
i) Allecation from Commonwenlth Grant

The CRC received five grant payments during the
year 1995/96 {consisting of an ouistanding
payment from 1994/95 plus the scheduled
guarterty payments for 1995/96).
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AMP Building Telephona (0o
86 Coiling Street, Hobart Fax 400e éﬂ,d.;&“
GPO Box 514E Hobart 7001 0% 127 Maobari

Fasmania, Ausiralia

Price Waterhouse ”

INDEPENDENT AUBIT REPORT
TO THE MEMBERS OF THE COOPERATIVE RESEARCH CENTRES COMMITTEE
REPRESENTING THE COMMONWEALTH IN RESPECT OF

COOPERATIVE RESEARCH CENTRIE FOR
TEMPERATE HARDWOOD FORESTRY

Scope

We have andited the attached financial information of the Cooperative Research Ceatre for the
Temperate Hardwood Forestry a5 sef out in Tables 1 o 4 of the Anpual Report for the year ended 30
Tune 1996 as required by clause 14(1)(D) of the Commonwealth Agreement. The Directors of the
Cooperative Research Ceatre are responsible for the preparation and presentation of the financial
information contained therein, and have determined that the basis of accounting as described it Note |
is appropriate to meet the needs of the Members of the Cooperative Research Centres Commitiee. We
have conducted an independent audit of the financial information in order to express an opinion to the
Mermbers of the Cooperative Research Centres Comemittee on its preparation and presentation and to
report on the matfers identified below in relation to the sources and applications of the Cooperative
Research Centre for Temperate Hardwood Forestry funding,  No opinion is expressed as to whether
the basis of accounting as described in Note | is appropriate to the needs of the Members of the
Cooperative Research Centres Commitiee,

The financial information has been prepared for distribution to Members of the Co-operative Research
Cenires 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 proceduzes
n¢luded examination, on a test basis, of evidence supporting the amounts and other disclosures in the
fingncial mformation. These procedures have been undertaken to provide reasonable assurance that
the Cooperative Research Centre for Temperate Hardwood Forestry has complied with Clauses 4,
5(1), 5(23, 3(3}, 9(1), 95) and 12(2) of the Commonweaith Agreement and (o form an opinion as
whether in all material respects, the financial information presents fairly the sources and applications
of funding in accordance with the basis of accounting described in Note 1. These policies do not
require the application of all Accounting Standards and Urgent [ssues Group Consensus Views.

The audit opinion expressed in this report has been formed on the above basis and reports on
compliance with the following matters:

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

o

2. The Researcher has used the grant and the Researcher’s contributions for the Activities of the
Centre and not for any other purpose, [Clause 3¢ 1)L

3. The Researcher's alfocations of the budgetary resources between Heads of Expenditure has not
been fower or higher than the allocation in the budget by $100,000 or 20% (whichever Is the
greater amount} without prior approval by the Committee. ICIause 5{2)].

T
Cuality Certified to Australian/New Zealand Standard i
AS/NZS 18D 90

At twioreal Slandard FSLMARE
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L

4. Capital Hems acquired from the Grant and Researcher's Contributions are vested as provided in the
loint Venture Agreement. [Clause 5{3}].

5. Iteliectual Property in all Contract Material is vested as provided in the Joint Venture Agreement
and no ntellectual Property has been assigned or licensed without the prior approval of the
Commuiitee [Clause 9(1), 9(53).

&. Proper accounting standards and controls have been exercised in respect of the Grant and

Researcher's Congributions and income and expenditure in relation o the Activities of the Centre
have been recorded separately from other transactions of the Researcher. [Clause 12¢2)],

Quaalification

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

Clause 4

The contributions by particular Researcher’s for the year under report have not been provided to at
least the vatue for that year committed in the budget. The Researcher”s who breached the clause are:

Researcher Amount Committed Asmount Provided
%000 $ 000

Boral 163.0 28.8

Bunnings Treefarms 169.1 78.3

Qualified Audit Opinion

Tn our opinion the attached financial information presents fairly, in accordance with the basis of
accounting described in Note 1, the sources and applications of the Cooperative Research Centre for
Temperate Hardwood Forestry funding for the year ended 30 Jane 1996 and except for the non-
compliance detailed above, the Cooperative Research Centre for Temperate Hardwood Forestry has
complied with the required clauses of the Commonwealth Agreement.

£ een M

Price Waterkouse
Chartered Accountants

Hobart
Steven A Herayk

3 :;uh{ 1996 Partner
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INKIRD CONTRISUTIONS FROM PARTNERS ($000°s} TABLE 1
EXPENDITURE
PARTNER | ACTUAAL | | PrRosgctED
1991/92  1992/93  (90X/04 100495 1095/98  1995/95  Cumulative lo dale 1996/07  1997/96  GRAND TOTAL
Actual E Budgst Actual Budgat
CSIRC FORESTRY and FOREST PRODUCTS
SALAFIES 531.4) 810.9 813.6 573.3 s000|  ses8|  zozes] a2resi 578.2 588,83 4,097.2
CAPITAL il
OTHER w004  to3ag] o4 908.7 879.2] 2951 azes.y| asaro 883 .4 2838 85389
TOTAL L agare] ieeinl seoni] sdenn] bares| suin|  vesie] wmssal [ vasie]  varan] [ soeseq]
UNIVERSITY OF TASMANIA
SMARIES 468.4 407.7 3308 a72.8 43200 soaol 20815 25350 503.9] 5030 3,637 5
CAPITAL 40.0 0,0 240.0 290.0 430.9 240.8 4300
OTHER 848.7 636.5 5535 56,0 ver 7 7e7.6| 32628 28738 827.5 8775 4,917.5]
TOTAL [ oms[ soaas[  seaa] vi7es]  tamey] yaooa]  sredn] geann] [ 1ss0s] 1008 | 8.365.0)
ANM FOREST MANAGEMENT
SALARIES 210 26,0 38.0 45.4 41.0 3.0 171.4]  157.0 53.0] 83,0 357.4
CAPITAL
OTHER 28 4 82.0) 58,0 53,0 117.0 a7.0 38408 4s3.0] 3.9 37.0 438.0
TOTAL | 5.0 B2 1360 so4d [ T axal  esoo| | 130.0| won] | 795 4|
NORTH FOREST PRODUCTS
SALARIES £84.0] 553 70.6 109.8 166.7 170.0 460.4] 4260 176.0 178, 0G4
CAPITAL * 3
OTHER 107, 1037 125.4 122.0 221.4 78.0 5735  audu 16.0 76,0 8316
TOTAL T2 BT T T Y% T = =T pann|  semn] | 15319
IN-KIND CONTRIBUTIONS FROM PARTNERS ($000'8) TABLE 1 CONT
EXPENDITURE
PARTNER | ATUAR, | | enosectep |
1991/52  1592/03 199V04 190496  1905/96  1995/88  Cumulative to date 1906197 t097/98  GRAND TOTAL
Actual Budget | Actual Ereadget
BORAL TIMBER TASMANIA e
SALARIES 39 .6/ 242 248 3.8 138] 1234 06,1 3ET.L 12390 123.0 3529
CAPITAL | | :
OTHER 60.2] 425 ze.7] 4.8 15.0) _ ano 13¢3] 4880 400 46,01 2193
TOTAL | o8] 50.8] 51.6] 2.4 e v 2454]  smn] [ 4s3e]  wead | 5714
FORESTRY TASMANIA
SALARIES 41, 57.3 £9; 77.21 75.4] 73, 426.1 1850 730 73.0 472.1
CAPETAL {
OTHER 81,00 64,8 78,1 795 85.5] 24,04 2687|300, 24.4 246 4167
TOTAL 1083 131, Al 186.7] [ o7 goan]  aemg] | az.nf gr.g | 8888
AMCOR PLANTATIONS
SALARIES 318.1 ue.gf 7550 so2] 1184 4o8.4|  s72.0 118.0 118.0 542 4
CAPITAL |
OTHER 1.6 80.6] 95,3 124.2 £0.0) 362, 1 2406, 86; 50.0 482
TOTAL | I wei]  vmeal  avee]  2vaa]  grad] mes]  mime | wmae]  svan| | 1124 5
BUNNINGS TREEFARMS .
SALARIES 44.4 86.¢ 44.4 86,1 86.1 861 216.4|
CAPITAL
OTHER 33.9] #3.0} 3.0 83.6) 43 839 1983
TOTAL [ [ B ] oo mal  1es.t Taa  tea.q] | toga]  1eaa] | 4168
TOTAL IN-KIND CONTRIBUTIONS
SALARIES 1,191,680 1300, 1268.3] 126168 14538 17308] 64755 79m02 17443 1.755.9 5,975.7
CAPITAL 40,0 150.0 24000 2000 43001 2400 430.0
OTHER 17968  2.0244] 108e8] 102730 22458 19a27| 09787 9u7asl 20089 20013 14,043.9
GHARD TOTAL IN-KONE [_aoesn] sseze] apsca] aona] 2,937 4] Hlié] wabi g toren] [ azere] aseng [ 74,445 6
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TABLE 2

Cash carrind over lom proavious year |_reaa]  woan]  esinf 741.4]  741.4] | naoa]  am0)
Less unspant balancs [imal__sred] _oeia] 7s1a]  awsn] _4osg| T |

| ACTUAL | _rBOJECTED |

ARTNERS T991/G2 1092193 19904 180405 199556 1985/95 Curmiative to date 1996/57 190798  GRAND TOTAL
LAl Azl s Azt
4 CSIRO Forastry & Forest Produsts ]
B University of Tasmania 500.6 500.0 E80 5000

ghry Tnemank

g 'Eﬂl st Prochush 12.7| 127 12.7]
£ ANM Farest Managemint zon|  zogl 280 25.6 90.6 20, 20.0 130.0
F Powal Timbat Tadramea
G Auncor Plantations 73 7.2 74|

Bunnings Trestarms
;doml. £ASH FROM PARTICIPANTS B4 20 200 25.00 58] 510.0 500, Zo.0] a0 50,
NTEREST D5 68.5| 250 60,9 55 4] 26.4 220.6 50.06] 20.0 266.5|
OTHER EXTERMAL FUNDS 1.8 [FERe| 84.1] a0] 206.9 204 2 246,9
FUNDING FROM THE CRC GRANY 948.6| 1.4465| 17/235: 1032021  22263] 17863 7.667.1]  7.3608| | 178621 1.786.2 11,239,

TGTAL CASH EXPENDITURE [ 77147 | | 236708 23462 12426 91
ALLOGATION OF CASH EXPENDITURE BETWEEN MEADS OF EXPENDITURE
SALARIES 1188 5361  1.0796] 1,1502F 14811} 14388 o 5 1,548, 7 1,618 6 7.510.4
CAPITAL £60.0 T3 [ E 582.0
OTHER 176.9 6883 E430|  BAGL o1 A4 o EEG. 521.3 7282 42345
Note: Capital expanditure of $20,000 in 1895/96 was for "Lachel” equipment.
SUMMARY OF RESOURCES APPLIED TO ACTIVITIES OF CENTRE {$000's) TABLE 3
EXPENDITURE
ALL PROGRAMS
ACTLIA. | PROJECTED
1901/02  1802/00 1593/04 1904785 1995/06  1DUKI06 [ Cumuiative 1o dats YOuSIRT 199798 GRAND TOTAL
petual | musnsi St (s
GRAND TOTAL (RUKiND aEIr ] Taa]  ikeend] iveree] | sveie] averdl [ 24,445.6]

GRANG TOTAL (CASH EXPENDITURE) [__jmsg] iagesl isesa tTaET  pepal gamea| ru  resea| [ ssesal somal I 122940
TOTAL RESOURCES APPLIED 1O i s aems] eosss]| aewas] oomas] sebesd] ssend] | 50617 noead] | 36743

ACTIVITIES OF CENTHE

ALLUCATION OF TOTAL RESOURCES APPLIED TO ACTIVITIES OF CENTRE BETWEEN HEADS OF EXPENDITURE

TOTAL SALARIES {CASH AND IN-KiND) TA04|]  roowE]  eME0] FAILE] Fat T toseis] saeen

10186

TOTAL CAPITAL (CASH AND B-KIND) [Sad] ol ezo] weoe] ool sooe] toizs] ool [ oe]  od |

TOTAL OTHER (CABH AND IN-KIND) 157,10 127 B| ssouel  peak ipasal  reost] |_zoovq] eamis| [ 18,1453
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Allocation of resources belween categories of activitles {1595/96) TABLE 4
[PHROGRAM RESOURCE USAGE
Cash In-kind Staff Staff funded
$000's $000's Contributed by CRC
Ressarch 1,894.1 3,744.5 11.8 12.0
Education 76.4 110.2 8.2 0.5
Commetciatisation/ Tech Transfer
Administration 193.0 B2.7 0.5
TOTAL 2,162.5 3,837.4 12.5 12.5
ATTACHMENTY ¢
AESEARCH STAFF RESCURCES {1935/96)
% apent on % Spent on
Eraploysr Main Research Program Total on % spent on Commercialisation % spent on CRE
activity  Total % time | Gen | $5M | Prot | Research Education Program Adrninistration
ANM |
VOLKER, P #_| a0 20 20
HETHERINGTON, S 7 35 15 20 35
1 otal B& 20 15 20 55
Amcor Plantations _
PONGRACIC, § R 3B 20 10 | 5 35
WHITEMAN, P R 25 10 10 g 25
Total 60 30 20 10 §0
Bunnings Treefarms
BREIDAML, B R & 5 5
SHEDLEY, C b & i 2]
DUTKOWSKI, G R 17 17 17
MCARTHUR, G A 5 g §
Total 5 i 1] O 30 5
North Forest Products
| TIBBITS, W ] 4 4 4
RASMUSSEN, G I 10 10 10 a
HOLZ, G A 17 17 17
DELITTLE D R 10 10 10
OLNER.C R 80 8 | | &0
DEAN, G A 5 5 5 ] |
POWELL, M il 14 14 | 14
FRENCH, J R 3 3 3
JAMIESON, A A § s
Total 131 36 77 10 123 8
Boral Timber Tasmanla
NAUGHTON, P |_ R 18 10 10
Total 10 0 10 b 10
Frooestry Tasmanis
ELEK, J H 40 l 40 40
KUBE, P R 20 20 26
ELLIOTT, H R 10 10 10
Total ] 70 26 Bg 70
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% spent on % Spent on
Employer Main Research Program  Total on Y. spant on Commercialisation % spent on CRC
activity  Total % tme | Gen | 858 | Prdt | Research Education Program Administration
£RE funded
CLARKE A Uni Tas H 100 100 144}
cARTHUR, € Uni Tas i 160 100 100
DAVIDSON, N Uni Tas &1 1060 4] 50 0
[SMETHUAST, P CSIRG R 1O 100 106
MISEA, R Lni Tas B TEH) 100 106
HOVENDEN, M Uni Tas A 100 100 100
WANG, X Uni Tas H 108 100 1606
POTTS, B Uni Tas R 75 75 75
BORRALHO, N | UniTas R 75 75 75
WMUNERE A LniTas H 100 100 1068
RUALD), J-N CSIRG [ 140 100 108
DUTHKOWSKILG UniTas H 100 100 108
STEANE, D tnd Tas 31 100 160 106
zatai 1250 550 | 4580 | 200 1200 50
RESEARCH SYAFF BESOURCES {1385/96)
Attachment C
Yo RGN ON % Spont on
Ermplovar Main Research Program Tolal on % spent on Commercialisation % spent on CRC
activity Total%time | Gen | SSM | Prot | Research Education Program Adrministration
CSIRO Foresiny & Forest Products
SANDS. P ] 86 | e 80
HAYMOND, € R 00 100 100
BATIAGLIAM a7 160 160 100
BEADLE, C H Fit Fi T3
THRNBULE, G < Lit] 76 it
HARTHNEY, V R 70 70 70
CHOMER, R H 50 56 50
MUMMERY, 3 R 50 50 50
Tolal 580 170 420 S
Unbwraralty of Fasmanla
REHD, J A 50 20 20 30
VAILLANCOURT, K A 45 45 45
BORRALHO N f 25 25 25
POTIS.B R 25 25 25
MADDEN, J H 44 440 40
ML R R 10 it} 14
GORST, J H i0 10 14
MENARY, R R 10 it} 14
WILTSHIFE, B H 20 24 20
CLARK, R 3] 10 10 16
LINE, M R 14 14 10
BROWN, P R 10 10 10
NEWMAN | H 5 3 5
MENDHAM N R 5 5 )
WHITE R A 10 [+ 10
UNWIN, G 3 25 25
Total 310 135 70 40 245 25 40
Total aguly, |Porson yoars spent on Person years Parson yoars Persan years
person Research program spont on spant on spent o CRO
years Totel on Fducation Commarcialisation Administration
Gen | 85M | Prot | Research Program Prograre
Total Contributed 12.6 44 | &1 1.3 11.8 0.2 o
Total fundad by CRC [ @5 [ s8] 45 20 ] 120 | 0.5 [ | | I
Grand otat [ 281 T es[ 16 a3 | 238 | o.¥ | 1 [ ] |
Proportion of tolal professional (%) [ 16006 [ 35] 424 [ 132 851 | 2.8 [ | 2.1 |

staff resources in sach activity
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SUPPORT STAFF
Contributed CRC Funded
{by emedaying arganisation)
Orgarnisation Number of staff Organisation Number of stalf
{person years} {person years)
ANM 0.0 CSIRD 0.8
Amcor Plantations 1.0 University of Tasmania 13.3 |
|MNorth Forest Products 0.4 |
[Ecral Timber 0.2
[Bunnings Treefarms 0.5
Forastry Tasmania 1.1
CSIRO 4.7 |
University of Tasmania 1.5
Total G.4 Totat 14.1
BORAL THSEEN TASMANIA
Hemisad List of in-Kind Contributions {in $'000%}
SALARIES
% time 1001E2 199203 19093/94  1994/85 1005/08  1908/97  1007/08 TOTAL
Nama Dasignation Program CRC
Naughton, P Scientist S6M 10 |
Badkin, £ Techmician SEM 20
Total Satary | 31.1] 19.0] 19.7] 20 10| 8.0] 80| | 59.5|
Direct On-Cosis % fot salary . P
Payrol! tax 7.0 1.4 1.4 3.2 4.8
Superannuation 55 1.1 1.1 3.2 0.8
Workers Cormpensation &6 1.0 1.0 0.1 9.5 —7
Laave Loading B0 | 1.6 1.6 0.2 0.9
Long Service Laave 2.0 0.1 0.1 6.0 8.2
Crher
215 -
Total On-Costs | 25| | &2 0.7 3.0] 22| 2.2] | 27.9|
Total Salaries & On-Costs [_____390] 243 24.9] 3.6 13.6] 102] 0z | 126.4|
CABITAL [ =) | | [ | | 1 | J
Total Capttai | I [ | | [ [ ] | | |
OTHER % of Total Safaries
& On -Costs
Hsad Ofics Overhaads 12.0 4.8 39 3.0 0.5 1.7 1.0] 1,0 .
Office Suppont 30.0 191 235 12.1 1.1 4.1 2.4] 2.4
Operational 30.0 26.3 15.2 11.6 1.1 4.1 2.4] 2.4
Vahicts costs 7.9 s 0.3 1.0 08| 0.8
Trial maintanance ao 3.3 1.1 0.5 .6
Expedments 20.6 1.5 2B 1.6 1.6
Land rant 2.0 0.2 3.2 0.2
Totaf Other | 50,4 42.8) 26.7] 4.8 16,0 8.9 ga | 156.9]
TOTAL IN-KIND CONTRIBUTION] 83.6] G | 51.6] gaf 288l oo 19.0] | 283.4]
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UNIVERSITY OF TASMANIA
Hemised List of In-Kind Contribitions (in $'000's)
SALARES g
% trne 1961/62 1SR 1903/84 1984/05 1995/96  to0e/97 E7/o8 TOTAL
Name Dasignation Program cRC
Reid J Scientist Gen 56 o —
yaillancourt & Scientist Gen 45 B
Borratho N Scigrtist Gen 25 =]
foits B Sclentist Gearn 25 P
Gorst Scientist Gen . i
Menary R Sciertist Gen 14
Cummings 1 Technician Gen 40 = —
Haig G Techrician Gen 20 —
Smolenski A Technician Gen a0 e
|' Cungey H Shudent Gan 10
Kizrming Wel Studant {Gen 100
Wiltshire R Sientist S8M 20
Ciark B Scientist SEM pn
Hilt B Seientist SEM 10
ling M Scientisl SEM 10
Brown Scierdist S5M 10
Mewnam | Sciertis! SEM &
Mengham N Scientist s5M 5 |
WMadden J Schentist RPP 40 -
Rumbold 8 Techrictan RPP g
Uirwin G Sciertist ETT 25 ]
White & Sclertist Admin 10 =
Johnson G Ganaral Admin 10
Towt Satary | 3z4.1] 270.5] 168.9| 225.3] 246.7| 280.8] 2864 | 1,802.7
Liroct On-Costs % tofal salary
Payrol tax 70 28.7 4.9 (A 1.0 17.3
Superannualion L] 58,1 484 287 26.7 41.9
Workers Compensation 0.8 1.2 2.7 1.7 1.8 2.0
Leave Loading 1.4 45 3.8 2.4 2.2 32
Long Bervice Leave 32 10,3 8.4 5.4 5.4 7.8
Culside study-Academics B85 7.2 280 6.8 404
HECS student conttibutions | £83,7 744 TEE
Total On-Costs | 184.3| 137.2] 151,71 347.5] 185.3] a.0[ | | |
Total Sataries & On-Costs | 488 4| 407,71 330.8] ar2.8] 432.6]  soas|  soan| | acars)
CAPITAL Maditications 16 Plant Science Auiding [ 40.0 1 [
New buildingiequipment | | 150.0 2490
Totaf Capital | 43.0] | I 150,0]  240.0] .0 11 436.0|
OTHEA % of Tolal Salaries
& On -Costs
Acadernic services 250 1221 101.8 82.8 83.2 1080
General uni services 410 2063 1672 1358.5 152.4 177.%
Deptl otfice suppont S8 48.8 40,8 33.0 37.3 43.2
Laboratory rert aze 1563 130.8 1058 11%.3 138.2
Ctfice space a0 G891 328 26.4 2.8 34.6
Central Sciance Lab B0 83.2 134.8 #8.0
Managemen! Agency 220 836 87.0 887 178.6 |
Totaf Other | 848.5| a36.8] BA3.5] 556.0] __ 767.7]  oer.s]|  serE| [ 49174
TOTAL IN-OND coMTRIBUTION] 1770 10443 as4.1] 1_1_?55] 1,430.7] 1,3305] 1,3305) | 838488
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Berrised List of lnedivd Contrbations fe $000's)

SALARIES
% Hime 1ERUSE TUOILE 109304 1O0WBE  TNTSAG  19RGET  TenNem ToTA
M Pasipation FProgram LR . 1
de itk 3 Boignfiat RFF 1 o [ ——
Fily 6 Seivntist S50 17 [
Chlyee G Tethician SEM &0 i ]
Filrkits W Seigetist Gt 4 . I
Powal it Eeieedist Gt 14 = S § e
Basirussen & Sciantist et 10 A 157
Baen G Setoetint Ciany 5 e
Franch . Soientizt Gien A = ——
Joyea K ‘Fechmician Gan 5 -
Burgoss B ‘Fachician iy =l s e
bingsion ¥ Factvicar Gen > 1 L
By W Faclrician Geh : =
Jamieson A Managee Amin ] = 1 = ===
‘Waiker B Secratary Adenin — |
Yolal Salary I ﬁ-u| “531.7] EIL_ .A.I-I e aa T
Lirsd QreCnsts % of folal salsry
Puyrol tas — ]
SHifsarannuREe
Workers Uompensation =—
Lave Eoading s
Long Service Leave i ]
Cthear i
Tiotal On-Gosts | an] 56 65| ey man] | 73|
Total Salerfes & On-Conts | e41] ETE| WA tovel  vemd|  wma] e
CARITAL I I I 1 | I I I
Totai Capitat | [ i | |
OTHER % of Totaf Sataries
& On - St = .
Head Cffica Ovarioads 210 22t 173 113 &3 73 Al [ rimd
Gftivs Suppar 180 6.4 42 70 34 4z a2 a7 4|
Ollico fira 2eal 56 1851 234) 181 18t 112 5]
Operativnal 1125 . H45H b ¥ 55 & B § 57
Experiments ada -I 1 Y
Other 60 | 7117 2517
Totat Other | (| [ A iFn]  wEia] iwhal  wmaa] [ osd
TOTAL INKING CONTRRLTN] Irlg = | rq.i] FET ETE TT E |
AMCGH PLANTATIONS
Hernised List of ln-Kingd Conbitealons fin $'000's)
SALARIES
% tme 18R EE2 199243 ER:ERT:TA 1804/55 1995/96  1996/97 1997/98 TOYAL
Name Dasignalion Program  CHO
Whilaman P Scientist Gen 10 =
Pongracic § Berientist Ger 20
Krygsman 3 Yechniclen Gen L] .
Anplaton B Techniclan Gian 1% - ==
Pya Technician Gan 29
Whilaenan P Sclontist BEM 10 s
Pongracic 5 Sciantist 55t H4
Krygsmatrs b Technician SEM Z0
Apolaton B Tachnisian S8hE 5 5§
Whitaman P Scientlst [l 5 —
Pongracic S Beisnlist [l 5 -
Yoral Safaty 51,3 51,8 63,7 5.3 1y 721 3789
Dhiree! On-Costs %% of total salary o
Payroll tax —
Buperannualicn =
Workers Compansatlon -
{eave Loading 2
Long Service Leave -
Other L
Total On-Costs | | x| ana] 58] e gig ey | 2133
Totst Sataries & On-Costa | | 1181 110 5] 75.5] % upo] a8 | (B
CAPITAL - 1 I | I | I | | ===
Yotai Capital | I | I [ I [ 1 L e
CTHER % Tolad Balarfes
& On -Costs +
Head Office Overhaads 1 | | | 2581 39.0 39 8 40 6| 145 JJ
Operational 1 1 | I 70 4] [ 86,5 &8 6| a3yl
Total Other | ] k| W0 saa] g ed]  eed] [ewed
TOTAL IN-KIND COMTRROUTHH] T 1991] 5E| na] 2aa] 267z | e |
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CSIRO Forestry & Forest Producty

ltemised List of in Kind Contribolions {in $000')

=

SALARIES
% Hirne HHFIG2 180263 1863/84 1984/95 1805/86 1RO 1007708 TOTAL
Name Dasignation Program RO
Fayraond, Ms C Selenhst Gen 100 m
Harlney, Mr V Saiantist Gen 10 — [ ]
| Churehit, Mr K Technician Gen £0 o —"
I Syonagon, Mred Tacheician Gen TG
Baltagha, Mr bt Suigntigt B0 Hy
| Sands, [k P Selartist S5M B = ) | . =
freadie, v Seienkist 558 7
| Furabudl, Mr C Scientist 5544 70 e [ =
Mumamery, Mr [} Sigritist S hilss
I Cromar, Mr B Scientizt G5 &t == - -l b
Lasala, Ms A Tachiickan SEM 00 %
Chery, Ms b Technician 5544 10 s
Haraf, Mr F Tachrickan BEM 100
| Tatal Satary | azie] apag] 492 4] aERZ]  avAd]  wmad] 4vaa] [ a.a084]
Diract On-Costs % of lotaf
Salary S .
Productvity Banefit ao 6 14.5] 148 136 4.2 14 56 14.8
Superannuaticn i85 03 80.8| 821 B4 3 882 S0 918
Waorkars Campenaalion R 45 41 4.4 4.4 44
teave Loading 15 63 72 7.4 &8 TEk) 7.30 74
Lonty Setvice Leave 25 185 121 ted 11 118 121 123 -
Ofhar T 12.1 00
Fotal Om-Costs | 110.2] 126.7] 121.2] 1204]  wh7]  w3ea]  d308| BE2 8
Fotal Selaries & On-Costs | 5314] 8105 EETH sraal  e000|  e1tE]  emaz| [ 4.165%]
CAPITAL [ I I I I [ I ] I ]
Totat Capfial | | | | | | 1 | | |
OTHER % of Totaf Safares
& On -Costs
Drvisional AdministratiocnSuppon B0 3 B 4 5890, AS8 8 A3 4 466 2 4732 35833
fnsHlute Overhaads 86 47 8 55 & 554 68,8 386 404 412 48,1
Corporate Ovorhoads 176 127 6 1465 14% 3 1147 1050 107 1 1082 857 4
Amortised capiat cosls o = 1_?1.3.“._? 2260 227 0 2121 rraiy 226 4 2309 15411
Direcd Oporating Allocation 186 0.0 239 154 532 200 200 1705
|
Totat Other | son4|  yomag|  1oass| soa7| 862 mmna] eran] [ 85003

[ TOTAL INKIND CONTRIBUTION 1401 8] toads] tesei]  vamig] 14792] 14720 14987] [__ioeesd]




74  CRC for Temperate Hardwood Forestry — Annual Report 1995/96
|
FORESTRY TASMANIA
Rerised List of in-Kind Contributions {in $'000's)
SALARIES
e tirmg 18851/92 1892/93 1923404 18405 1995/86 1986597  1857/08 TOTAL
Marng fasignation Frogram CRE
Efiatt, H Chiel, Divn of Silvicuture  BPP 10
Flsk, J Ressarch Fotesiar RPP 40
Bashford, A Technician fRtered i0
Bakar, 5 Technician 2t ol fte]
Hamaden, N Trchaisian i 50
Kubsg, P Resaarch Forester Gan 24
Total Satary | 39.8] 47 5] 7.5 6ed med]  esd  7ed] [ 4 2]
Biract on-costs % {od.safary
Supsrannuation 5.0 1.2 24 2.9 32 3.1 3.4 3.8| 204
Wetkets Compensation 35 t 8 21 2.1 2.3 2.7 2.4 2.7 15.|
teave Loading 128 4.6 .6 &7 o8 3B 4.8 1.43 54
Long Service Leave 31 t2 £ 4] 18 2.4 2.0 2.1 24 12.4
Cther 10 2.8 33| 440 4.8 4.4 4.8 5.3 53,1
Totat On-Costs | 7.6] (| 11.6] el 12E] 136 5 | |
Total Satarles & On-Costs | 572 574 55.0] I TEA| 82 4] E | 500.2)
CAPITAL [ [ | | | [ | ] 1 |
Total Capital | | 1 | | 1 | | | |
OTHER % of Total Salarios
& On -Costs
Mead Oftics Overhaads 346 148 16.4 186 223 21.4 235 25,9 1438
Chics Support{ine equiprmant, admin} ey 8.7 1.7 13.1 14,8 14.5 15.0 t7.5 461
Comporate Overhaads 18.2 7.7 8.6} 104 11.7 1.3 12.4 1.7, 758
Oparational 480 288 289 35,0 30,8 38,31 42.1 48.3] 250.3
Total Other [ 51.0] B8] 78.1] Tas] [0 gaf| woas| | 561
TOTAL $N-KIND CONTRIBUTION 1 mag Sk | K] | 156.7] 1609  176.9] 1948] | 10664
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ANM FOHEST MANAGEMENT -
ltemised List of in-Kind Contritngtions {in $'000')
SALARIES .
% lirme 185192 1992/83 1993/84 1954/88  1005/86  1095/07 1957/c8 TOTAL
Name Dasignation Program  CHC
Volkar, P Seientist Gen 20
Hetherington, S Seientist a5M 15
Hetherington, 5 Seiendist RPP 20
Total Safary | 17.6] 2.9 R aaal 0] I | [ |
Direct On-Costs % tolal salary
Payrolt tax
Suparannuation
Workers Compensation
Leave Loading
Long Searvics Leave
Other
Total On-Costs | 4.0 .o x| 11.0] i | 1 ]
Total Sataries & On-Costs | 21.0) Foy)| 320 45,4 41| #i3.0] BB-.E | 367.4|
CAPITAL I I | | I [ [ ] | |
Yotal Capltaf | I I | | [ I ] |
OTHER % of Total Sajaries
& On -Costs
Office suppart 11.0 8.0 10.0 0.0 10.0
Vehicle costs 7.6 8.0 7.0 11.0 5.0
Trial maittenance - 22.0 53.0 8.0 54.0
Experimants (fand rent} 10.0 25.0 28.0 30.0 48.0
Total Other | ug £2.0] | 8a.0]  1i17.6] a7.0 a7, 4380

TOTAL IN-KIND CONTRIBUTION [ 45.0] sac] a0l voed]  1s80]  1s00] 100 [ req]
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BUNKINGS TREEFAAMS
[teenignd List o ineKind Contributions {n $000°s)
SALARIES
% lithe T2 1982443 ORI 1894/85 1908/96  1006/87  1997/08 oY
Nams {resighation Program CRC Bl
Duitkowiski, G Scientist Gen 17 -
Shadiey, © Selentist Gen B ——
Breidahl, Scianiat Gien 5 e—
Pibegam, D Techrician Gen 4 [———
Groom, D Techriclen Gen 7 [ ——
tdathieson, 5 Technician Gen 4 —
Sms, Vo Tachinichan (ien & [
Booth, M Techrician Gen & [
Jansen,Y Tachnician Gen 8 T
Casual Staff Technician Gen 4 | ——
Woodard, Adminiatrdion Admin [ [
MeArthwr G Manager Admin 8 By
Totad Salary 3.8 h 74|
Dirgot On-Losts W ot salary
Payrolf lax 8.0 2.3 [T ceal
Suporanmation 80 2.9 =
Workers Compensalion 28 1.1
Leave Losding o a5
tLohg Sarvice Leave 17 &6
Cthar
Total O-Costs | E.af 1 I Ei!
Total Salarios & On-Cosla | A4.4] 88,1 8e.a] | 2108
CAPITAL I | | - |
Total Capital | | | | | |
GYHER % of Tolal Salardes
& On -Costs
tHead Office Overheads 14.4 760 70.0
Oparationa 19.5 130 134
Totat Other | 358]  eao|  8as| | 1sad]
TOTAL IN-KIND CONTRIEBUTION] 78.3]  1e9.1]  1e9.1] | 41i5]
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