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Joseph William Gottstein Memorial Trust Fund

The Joseph William Gottstein Memorial Trust Fundsweatablished in 1971 as a national
educational Trust for the benefit of Australia'sefst products industries. The purpose of
the fund is'to create opportunities for selected persons tquiie knowledge which will
promote the interests of Australian industries Whise forest products for the production
of sawn timber, plywood, composite wood, pulp aquep and similar derived products.”

Bill Gottstein was an outstanding forest produetsearch scientist working with the
Division of Forest Products of the Commonwealthe8tfic Industrial Research
Organization (CSIRO) when tragically he was killed. 971 photographing a tree-felling
operation in New Guinea. He was held in such hggeean by the industry that he had
assisted for many years that substantial finarstipport to establish an Educational Trust
Fund to perpetuate his name was promptly forthcgmin

The Trust's major forms of activity are:

1. Fellowships and Awards - each year applicatamesnvited from eligible
candidates to submit a study programme in an anesidered of benefit to the Australian
forestry and forest industries. Study tours undereoy Fellows have usually been to
overseas countries but several have been withitrdlizs Fellows are obliged to submit
reports on completion of their programme. Thesdlaa distributed to industry if
appropriate. Skill Advancement Awards recognigefbtential of persons working in the
industry to improve their work skills and so advarlceir career prospects. It takes the
form of a monetary grant.

2. Seminars - the information gained by Fellowsfien best disseminated by
seminars as well as through the written reports.

3. Wood Science Courses - at approximately twolyeatervals the Trust organises a
week-long intensive course in wood science for etiees and consultants in the
Australian forest industries.

Further information may be obtained by writing to:
The Secretary

J.W. Gottstein Memorial Trust Fund

Private Bag 10

Clayton South VIC 3169

Australia



Dr Paul Adams has been a forest researcher foe@fsyfocusing on plantation nutrition,
weed management, and silviculture in both pinesearwdlypts. His experience in these
disciplines includes seven years in South Austraith the Woods and Forests Dept. and
the last 10 nine years with Forestry Tasmania. &uall nutrition related research is his
passion, especially sustaining long-term produgtivinter-rotation management and weed
interactions. He is currently the Principal Resk&cientist and Manager of the
Plantations branch, Division of Forest Researchewklopment, Forestry Tasmania.



Executive summary

A study tour was undertaken to south-eastern USAuire / July 2008 in one of the largest
and most important forest regions in the world. &hm was to learn about plantation
nutrition management and research. The tour indadiendance at the "t North

American Forest Soils Conference and post-conferémar across Virginia, a visit to the
Forest Nutrition Cooperative (FNC) and some impurfeeld trials along with visits to a
number of forest companies in the region.

The 11" North American Forest Soils conference was attetjemore than 100 soil
scientists and specialists, mainly from USA anddin Many good papers were presented
by leading scientists in the industry. My preseantabf a joint paper on the development

of a phosphorus decision guide Rinus radiatain Tasmania (Neilsen and Adams) was
well received.

The post-conference tour provided a valuable irtgglthe region, the history of land use,
forest distribution, development and managemera wide range of soils and
environments. The tour started in the ridge anteyajeography of western Virginia and
travelled through the Piedmont and down on to testal plains some 400 km from
Blacksburg. It was clearly demonstrated that foneshagers have good knowledge and
understanding of the linkage between soil and fquesductivity and other factors that
influence tree growth. This has been the key taavipg productivity - understanding the
relationships between soils, forest health andyctdty along with management
techniques that are available to optimize growttisTs due in large part to the
collaborative research that has been undertakeineblyNC.

The Forest Nutrition Cooperative has nodes in N@dlholina State University,
VirginiaTech and University of Concepcion in Chilehas industry-wide recognition for
providing valuable and practical research outcoaresutrition and productivity in SE

USA. | visited the NC State University as a gudddoLee Allen, FNC CEO (now retired)
and used this as the base for wide ranging visigsfield experiments and three forest
companies (Resource Management Services LLC, Wagader and Arborgen LLC).
Discussions with these companies demonstratednadaigree of operational management
and a strong relationship to the staff and studaintise FNC. There were many interesting
and valuable lessons from the study tour and | hiaiexl the main take-home messages on
the next page.

This study tour was valuable both professionallg parsonally and gave me a much
greater appreciation and understanding of nutrites®arch practices and management in
the region. My hosts were very generous with theie, sharing and friendship. | am now
in a good position to review the current Forestagimania Nutrition Research Program
and to develop the next 5 year strategy for imprgthe productivity and value of
eucalypt plantations in Tasmania.



Some key observations and take home messages:

It is important to know your soils and understamel telationships between soil
characteristics and land use capability and torpm@te this information with tree
performance and tree health. It is also importaninderstand site limitations and find
methods to ameliorate these. Plantation silvicaltarspecies related and site related.
These are basic requirements for managing nutragr@hproductivity.

The utility of remote sensing to estimate leaf anelex (LAI). The widely recognised
phrase ‘leaves grow trees, resources grow leaveermgcores the philosophy of this
approach. Let the trees tell you what they needjdire nutritionally.

Early intensive silviculture is needed to maintgirowth and effective weed management
is an essential part of this. Weed control in carabon with fertiliser a better investment
than either alone

Mid-rotation silviculture e.g. post-thinning fersiation can be a very good investment.

Significant savings can be achieved by targetirgcthrrect stands that can and will
respond to fertiliser.

Long-term studies on productivity are expensive difftcult to carry out. However, such
studies do provide very useful information to fér@sners, managers and scientists. The
principles can be determined from a single sitethigtshould be applied to other sites with
other environment / site combinations. Process¢basmdels are being developed using
information from long-term trials along with nutdh decision tools.

Significant and rapid gains in tree growth and gyare achievable through clonal or
varietal forestry (e.g. AborGen tree improvement).

The influence of man and the history of land usgpbed with the resilience of nature and
the regeneration of forests in the region was isgve.
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Study tour objectives

South eastern USA (Figure 1) contains a very largeimportant forest industry that is
based on pine and hardwood forests covering sonmal20n hectares. The forests in the
region represent some 40% of the commercial foregtse country. The current trend in
the industry in the region is for increasing mamaget intensity which is resulting in
significant improvements in forest productivity ass the region. A major driver for these
improvements is the research that has been caiely the Forest Nutrition Cooperative
(FNC) based in Virginia (VirginiaTech) and NorthrGbna (NC State University). The
cooperative has been operating since the 1970kswide industry support across most of
the forest sector. An extensive network of fielgp@rxments has been installed across the
region, addressing many aspects of nutrition mamagé and silviculture, including long-
term productivity studies, and the impact of weeddertiliser responses. This work has
been pulled together to assist the developmeneéatmn making tools (nutrient
management systems) that are in use within thestnglurhis work of the FNC is directly
applicable to forestry in Tasmania and the bro&destralian forest industry and so a study
tour was arranged to find out more.

The study tour coincided with the B@nniversary North American Forest Soils
Conference in Virginia in June 2008. The confeeetheme was “forest soils research
over the last 50 years, how technology has changednderstanding of forest soils
processes and how do we continue to maintain fomiciy healthy soils”. This was an
ideal forum to present a paper on phosphorus mutritf P. radiatain Tasmania, which
was the culmination of research that had beenezhaut by Forestry Tasmania over more
than four decades (initiated by WA Neilsen). Thafecence also provided an excellent
opportunity meet other forest soil and nutritioeaglists.

In addition, | wanted to visit some forest compariie understand how they use research to
manage their forests.

Therefore, the main objectives of the tour were:

Attend the 11 North American Forest Soils Conference, and prtessg@aper on long-term
phosphorus nutrition research in Tasmania.

Visit the Forest Nutrition Cooperative discuss pddilon nutrition management, decision
support systems (NMS), and long-term research. sites

Visit several major forest companies (Resource Manent Services LLC, Weyerhaeuser
LLC and ArborGen LLC) to discuss management, retearethods and application of
research findings from the Forest Nutrition Coopeea

The general location of the study tour is showFRigure 2.



Figure 1. SE USA and the states visited (Virginia, North@ia&a, South Carolina and
Georgia)

Figure 2. Location of main site visits in SE USA



Tour itinerary (June 21 — July 8)

Date Activity Contacts
Sun 21 — Thur North American Forest Soils ConferengeTom Fox,
26 June Blacksburg, Virginia Ken Van Rees
Thur 26 — Sun 29 Post-conference tour Tom Fox,
Virginia Jim Burger
Mon 30 North Carolina State University Lee Allen,
Forest Nutrition Cooperative Tim Albaugh
Jose Zerpa
Jose Alvarez
Leandra Belvin
Tues 1 July Mid-rotation fertilisation and vegedati | Tim Albaugh
control
SETRES nutrients and water study
Wed 2 Resource Management Service LLC | Gerald Hansen
North Carolina Tim Albaugh
Thur 3 FACE experiment: Duke University | Jeff Pippen
North Carolina Tim Albaugh
Fri 4 Henderson site productivity project Lee Allan
North Carolina
Sat5-Sun 6
Mon 7 Weyerhaeuser Bob Campbell
North Carolina Tim Albaugh
Tues 8 ArborGen LLC Phil Dougherty

South Carolina

Tim Albaugh




Forestry in South Eastern USA — overview

The forests of SE USA consist of several imporinusspecies e.d?. taedaLoblolly
pine),P. elliotii (slash pine) an@. palustris(Longleaf pine), ané. strobugwhite pine)

and deciduous hardwoods eQ@uercus(oak),Carya (hickory), Acer (maple) andPopulus
(poplar). These forests cover more than 20 milhentares and represent more than 40%
of the production forests in the USA. A large fareslustry has been built on these forests,
particularly the pines, both natural and plantaiofwo thirds of the forests are managed
for pulpwood production and one third for sawn tenbApproximately 70% of the forests
are owned in private holdings.

Natural growth rates for pines in the region rafigen 8 — 12 nha/yr (MAI) however,
increased productivity through fertiliser applicetihas been widely demonstrated and
each year hundreds of thousands of hectares aiaalyuertilised by forest companies
(Figure 3). There is a trend towards more intenste@agement with significant efforts to
increase productivity (Figure 4). This has occutirethndem with increasing
environmental protection and social issues, esfpwgablic demand for wildlife
management and recreation. There is no Forestiéeacode in SE USA however other
mechanisms such as forest certification and state@mental protection laws are used to
protect environmental values. The national SushdéénBorest Initiative program is also an
important influence on management practices.

As in Australia, the cost and complexity of managiorests is increasing. This is directly
related to increasing land values, and inputs, sisdertiliser and decreasing stumpages.
Until recent times fertiliser applications acrolss tegion were widespread but now
operations are necessarily more targeted and fdausenaximizing outcomes and
efficiencies. The use of leaf area index, remotssisg and decision support tools have
been an important part of this and the FNC has bhe#nving force behind these systems.

There is constant change of forest and land owigeislthe region. Structural change is
also occurring with TIMO’s and REIT’s where the daitself is viewed as having more
value than the forests. Wall Street investors arme a major factor in the forest industry. A
TIMO is a management group that aids institutionaéstors in managing their timberland
investments. A TIMO acts as a broker for institn&ibclients with the primary
responsibility to find, analyze and acquire investinproperties that best suit their clients.
When an investment property is chosen, the TIMf@sponsible for actively managing the
forests to achieve adequate returns for the inv@sém example of a TIMO is Resource
Management Service LLC (RMS) which manages foeesd on behalf of its investors. A
REIT is a Real Estate Investment Trust that owmsmaanages a pool of commercial
properties and other real estate assets. REITreftire have a high focus on real estate
value with purchase and sales being a big patief business. Some land in the region is
valued at up to $6250 / ha. An example of a REIRagonier. TIMO’s and REIT’s make
for interesting times. Ownership and organisatiah@nges also impact on the Forest
Nutrition Cooperative with respect to managemerexqferiments and lines of
communication with members.

Forest ownership changes have also meant a chasgeiculture over time as each
company has its own philosophy and management tlgsclt has not been uncommon
for the same stand to have had three or more diftewners, with consequent changes in
objective and management inputs. While there has bdrend for convergence of
plantation silviculture, including increasing irgst in growing forests for solid wood



production, the different company objectives, pbalphy and resources mean there will
continue to be significant differences betweenplamtation estates within the industry.

Weyerhaeuser is one of the few vertically integtdt@est companies in SE USA. It
produces solid, high quality wood and is regardedrainnovative industry leader.
However, the company is now also coming under asirgy pressure to break up and some
of this is occurring already, with the sale of samo@-core manufacturing plants.

Figure 3 Annual forest fertilisation program in south ed§t (1990 — 2006)

The area fertilised in 2006 was approximately 486 ,06a.

Figure 4. Productivity of Loblolly pine using traditional magement compared to
intensive nutrition management with increasesghtlinterception (LAI) and growth

efficiency. The natural range for this species is® MAI (150 — 250 ft/ acre / yr).



11" North American Forest Soils Conference

| attended the 8Danniversary of the first North American ForestlS@lonference held at
VirginiaTech in Blacksburg, Virginia. The theme wé#srest soils research over the last 50
years, how technology has changed our understandifogest soils processes and how do
we continue to maintain functioning healthy soilEhere were more than 100 delegates,
with the bulk from within the US and Canada. Aro@tddelegates were from overseas
(including 4 from Australia and New Zealand).

The conference was very well organised and stradturhere were two hour breaks
between sessions allowing plenty of time for distws and posters. Attendance at the
conference was very worthwhile, and | made somg geod contacts with other
scientists. It was also a very good introductioth®region and the industry.

The conference also provided an opportunity togarethe joint paper on phosphorus
nutrition research in Tasmania. This paper repteskine culmination of very important
research that was carried out by Forestry Tasn{anieated by WA Neilsen) over more
than four decades. This work fitted the conferagheene, demonstrating a significant
contribution to advancing the knowledge and manageof phosphorus in Tasmanign
radiata forests. The paper was entitled: Management o§ptarus nutrition in radiata
pine: 45 years of research and experience in Tasmauastralia (Neilsen and Adams).
The abstract is provided in Appendix 1.

Many excellent papers and reviews were presentedrange of topics, including, site
preparation and cultivation (Morris), forest fag#tion (Burger), history of significant
contributors to soil science (Helga), and resileen€forest soils and sustainability
(Hopmans).

It was apparent from discussions with many of thieghates that a number of Australian
scientists have studied at universities in theargiver the last four decades and have
worked alongside many of the ‘fathers’ of moderih science. Australian scientists
include Dr David Boomsma, Dr Phil Smethurst andPBil Polglase.

The proceedings of the conference are worth reaatidgselected papers from the
conference are to be published in a special editidrorest Ecology and Management.



Conference field tour

The conference field tour visited five sites witlsveral hours of the conference venue in
Blacksburg. Presentations included the importafie®ibinformation and forest
management along the use of ground penetrating, rdidaussions on gypsy moth
damage, streamside management zones, and the sblenps in nutrient cycling. Figure 5
shows the line up of vehicles at lunch time atelsfin National Forest.

Figure 5. Line-up of tour vehicles at old-field location thg conference field tour.

Highlights
The use of soil information

Forest land managers in the region have significdatmation on soils and land use
capability through comprehensive geology and saips This information includes details
on soil formation, past land use and implicatiomsférest productivity, current forest
composition and management constraints. Figure@®slan example of soil, geology and
forest map in the ridge and valley landscape igivia.

Excellent soil pits were prepared for the field dayl located within a range of forest types
and positions in the landscape. (Figures 7 anB&)h were described in detail by local
scientists and then implications for forest managetndescribed by local managers.

Importance of stumps in nutrient recycling

(Eric Sucre, Post grad student at VirginiaTech)



Decomposing stumps and coarse fragments contane@pple amounts of carbon,
nitrogen and macronutrients. In order to studyiantrcycling dynamics in forest
ecosystems these components need to be sampled.

Figure 6. Examples of a soil, geology and forest type map.



Figure 7. Soil pit in mixed hardwood species woodland

Figure 8. Soil pit under a white pine plantatio. (strobu}



Ground-penetrating radar

(Wes Tuttle, USDA Natural Resource Conservatiorvisey

Figure 9. Ground-penetrating radar being pulled acrosstniace of the ground.

Figure 10.Print out from GPR showing boundary between swil lbedrock



Streamside management zones research project

(Bill Lakel, Virginia Department of Forestry)

Current status of SMZs

Numerous studies have shown the positive effectsrestry FMZs

Few studies have studied the actual efficacy dédht widths and harvest levels
Current state BMP guidelines vary from 25 to 20ét fer width

SMZ Study showed for water quality

Increasing SMZ widths was not beneficial

Decreasing SMZ width (or thinning) was not detritian

N and P in water were low and unaffected by SMZtlwinl harvest level
SMZ width and thinning did not affect water temgara, DO or TOC
Forestry SMZ width specifications are largely spatve

Costs to landowners should be considered

Several other studies had similar results

Hardwood forest management

(Tom Fox, VirginiaTech)

There are many challenges in regeneration of o#tkeiiorests in the region. Fire
perpetuates oak but there is less fire now compar@00 years ago. The problem is not
one of regeneration but of species compositiong@od (fertile) sites oak is easily
replaced by maple and poplar species. Plantingseadllings is futile. The light regime is
very important as oak seedlings cannot compete wife vigorous shade intolerant
species. In contrast, on poorer sites, where nmagpdepoplar grow less vigorously,
regeneration of oak is much more acceptable. Figjirghows a typical site quality
gradient for hardwood forests in the Appalachiagiae. Figure 12 shows examples of
these forest types.



Figure 11. Diagram of forest type by nutrient and water geatli

2 -3 MAI

3-4 MAI



4 -5 MAI

9 - 10 MAI

Figure 12. Forest class with equivalent MAI figuresma/yr)



Gypsy moth devastation

(Ed Leonard, Jefferson National Forest)

Figure 13. Gypsy moth

There has been very severe damage from Gypsy mietation in NE USA over the past
decade and it is rapidly spreading south and vregtire 13 shows the damage associated
with gypsy moth in the region.

Silvicultural options for dealing with the pest ptem include:
Pre salvage and sanitation thinning to reduce tieevability of the stand by removing
oaks with poor crowns and to utilize the reprodutsystem that favours non-susceptible

species.

Salvage thinning to recover economic value of tthasare killed and to reduce
susceptibility of the residual stand and regendratestand.

The Table below shows species that are preferraédeognoth, those that are resistant and
those that are ‘immune’.



Preferred specie

SsResistant species

“Immune” spec

Oak species
Basswood
Sweetgum
Serviceberry
Hornbeam
Willow
Apple

Aspen

Birches

Beech

Birch

Black gum
Black cherry
Buckeye
Chestnut
Cucumbertree

Elm

Red and Sugar map

Sourwood
Hickory
Walnut

Hemlock

Pine

Yellow poplar
Ash

Fir

Sycamore
Black locust
Dogwood

Holly

Striped maple
eéMountain Laurel

Grap

es



Post-conference Field tour

Following the conference, there was a three-ddg faur. The tour started on June 27 in
Blacksburg, Virginia, and travelled through the 8Ridge Mountains, across the
Piedmont and down to the Coastal Plains (FigureTi4g aim was to observe a range of
soils and vegetation communities and discuss hegetimpacted on forest and plantation
productivity and management. The region contaimdwaod and pine forests and
plantations, all of which supply a very large ameedse wood products industry.

Figure 14.Map of Virginia and transect explored during tlestconference tour.

The typical Blue Ridge landscape is shown in Fidile

The history of land use and the impact of man wessdbed by forest archeologists. Prior
to the 1700’s the forests were predominantly woodiadue to the impact of native
Americans and their use of fire. When colonisatienurred the landscape was very rich
and bio diverse which lead to massive exploitatuth mining, logging and iron
production (Figure 16). This led to widespread destation to fuel the furnaces. At the
same time farming practices in many areas were whah led widespread loss of topsoil
and eventually large areas of farmland were abagiorhe resilience of nature was very
apparent as many of the forests that dominateatigistape today occur on abandoned
farmland and are 100 — 200 years old (Figure 171@)dThese forests are viewed by the
public as wilderness areas and are managed foipheulise purposes by the US Forest
Service.



Figure 15. Landscape of the Blue Ridge mountains

Figure 16. Iron production in the Blue Ridge Mountains



Figure 17.Yellow poplar forest in the Blue Ridge Mountains

Figure 18 White pine and hardwood forest in the Blue ridgguntains on abandoned

farmland



Once we left the Blue Ridge mountains we visitdadby pine (P. taeda and hardwood
forests on soils derived from metamorphic and igisgmarent materials on the Piedmont.
There was much discussion about soil classificagoil formation and the management
practices that could be used to optimise produgtifigure 19, 20). It was very interesting
to observe a buried profile in the plantation whieghlighted the high degree of soil
erosion due to poor farming practices (Figure Zhg tour included a visit to the Virginia
Department of Forestry where we looked at 18-yd@dtionned loblolly pine forests and
the soils they were growing on (Figure 22). Muchhaf research undertaken at this site
has been in collaboration with the Forest Nutriti@ooperative.

Figure 19. Typical soil profiles observed during the fieldito

Figure 20. Tom Fox and visiting scientists describing thi¢ gfile in a thinnedP. taeda

plantation.



Figure 21. Example of a buried profile with the topsoil indied by the two blue pins.

Figure 22. ThinnedP. taedaon low fertility soils (abandoned farmland) on tiedmont.

Note the thin crowns (Virginia Department of Forgst



A range of plantations and trials were observediigher fertility soils and lower fertility
sandy soils on the coastal plains (Figure 23, 8}, 2

Figure 23. Planting density x fertilisation on land ownedMgadWestvaco Corporation.
Note the heavy branching.

Figure 24. Loblolly pine . taeda on fertile soils on the Piedmont on Lynchburgeser



Figure 25.Longleaf P. palustrig and loblolly pine P. taeda on low fertility sandy soils



Forest Nutrition Cooperative

There is a very long and interesting history okegsh cooperation between Virginia Tech,
North Carolina State University and the forest stdyin south-eastern USA. There are
more than 35 forest industry organisations pariiig in the Cooperative. It is one of the
few cooperatives remaining in south-eastern USAtawda 40 year history and strong
reputation for good research and industry uptakeed¢ent years the Universidad de
Concepcion in Chile has become a node of the FN&evbr Rafeal Rubilar is working

on nutrition research fd?. radiataandE. nitens

The mission of the Forest Nutrition Cooperativeisntegrate research, education and
technology transfer to provide innovative solutitm&nhance and sustain forest
productivity through management of soil and sisoteces. Figure 26 shows the extent
and distribution of series of trials covering a &iénge of nutrition, productivity and
silvicultural research. The success of the FNQs@s due to a broader focus from nutrition
research to include productivity and managemernenys

Figure 26.Location of active Regionwide trials across SE USA South America

| visited the NC State University on Monday™3une where | met with staff and students
involved in FNC research programs: Dr Lee Allenr@dtor) and Tim Albaugh (Senior
Researcher) and Leandra Blevins (Data ManagemM&nwide ranging work on nutrition
and management and the operational aspects ofNfie &d two PhD candidates: Jose
Zerpa (Venezuela) on volatilisation of nitrogertifesers and Jose Alvarez (Chile) on his
plans for research on remote sensing for nutriti@magement.

It was evident that there is a very strong relaiop between the researchers and industry
partners. A key strength of the FNC is the highligpuatudents who study at the FNC
working on many aspects of nutrition managementsalndtulture that are important to
industry. Many of the students who have studietti@®~NC now work for industry
partners. This has obvious benefits for commurocadind operation of the FNC. The
success of the student research program shows simraigrities with the Forestry CRC
(based in Hobart) in Australia.

| was very fortunate to visit the FNC at this tiaeDr Lee Allen (FNC Co-Director) was
in his final week of work before retiring after ¥8ars at the head of the cooperative.
Another key figure in the FNC was Tim Albaugh whaswery helpful and my host
throughout the remainder of the trip.



Administration and communication by the FNC to menstappears effective. This is
achieved through an annual meeting to report cgarel programs and to set budgets,
followed up by contact meetings (field-based) wvittlividual members once per year to
talk about the latest results and implementatidioap in their situation. Anything new

can be raised with the FNC directors during thessvand it is important that directors
attend these meetings so that there are no swsp@see every 5 years a strategy meeting
is held to refine the research program as a gradpemind members of the priorities.
This is then linked in with each of the work pragsaand fits with the annual goals. There
was good technology transfer in action. The FNCtonist keep contact, be consistent, be
available, and be able to provide what they saimely, useful way.

A characteristic of the business environment inrfggon (and elsewhere) is that there has
been much change of ownership of forest estateshasas continuing. There are also
many changes in company and organisation stru¢uge TIMO and REIT) which can
make management of the cooperative challenging.

The wide range of field trials (Figure 26) includ@ics such as site preparation, early age,
mid-rotation, long-term trials, weed control, ptotegy, soil processes, and remote
sensing. These trials have been the foundatiowdok on long-term trials and the
development of decision support systems (DSS).

There have been many trials and sites and there nvany instances where research did
not go according to plan. Many were lost or compsaeh and it is now becoming more
difficult to have trials successfully establishedidhen maintained adequately by research
partners. This has led to the recent practice ioigusontract labour for the installation and
maintenance of new research trials. The seriesadd is now up to Regionwide 19. New
work that is being targeted by the FNC includesysw@ combat rising costs of fertiliser
and determining priorities for fertiliser applicati. This includes further development of
decision support systems.

The FNC has developed a very good understanditiieatesource limitations in the region
and has focused on fixing the limitations with giluture. In early years there were
chronic widespread nutrient limitations (especi&llyP). Nutrient supply curve varies
greatly. Trials in the 1980’s with NP trials demtyated very large growth responses
following a huge effort by members. Rates of 200\Nkgnd 25 kg P was shown to pay off
very well (IRR 15%-+). In those times no diagnosaswecessary because most sites
responded. However, due to increasing costs adfisertand application, decision support
tools and leaf area index (LAI) are now used tgeasites which will provide the best
return on the fertiliser investment. Remote sensasigg Landsat has been successfully
applied to observe stand performance over timesden of stand LAl is relatively
straightforward in the region due to the deciduanderstorey species. Work is now
underway to use LiDAR to discriminate between imndlial tree LAI in thinned stands.

Important ways to combat the historically high ifexgr prices are:
Prioritise stands to receive nutrients,

Reduce rates of application,

Manage volatilisation,

Use urease inhibitors,



Seek alternative sources of nutrients,

Manage costs with futures.

The standard fertiliser prescription f@r taedan the region is based on LAI:
(a) If peak LAI <1.3 and P deficient, use 36N alé drepeat N later

(b) If peak LAI >1.3 and < 2.2 fertilise 120N+25Rpeat with N later

(c) If peak LAl > 2.2 and < 3.5 use 200N and 25Ra)r

(d) If peak LAI >3.5 don't fertilise unless thirh@n use c.)

The management focus is to apply early and intensiiviculture to achieve good early
growth and then to maintain growth rates throughrtitation P. taedaa very plastic
species and if intensive management stops, themtlgistops. It has been clearly
demonstrated it is possible to drive the growtluigh fertiliser and weed control. Natural
stands grow at rates of 5 — 8 MAI in the regionnigiged stands grow at 8 — 10 MAI while
intensive management can achieve 10 — 15 MAI an @0 — 25 MAI.

The philosophy is to focus on the process notdbg that is, what is limiting productivity,
and how to manage to minimize the limitations. pbet was raised that gaining an
understanding of the processes is important so s &ble to correctly interpret responses
and much of the FNC research has been carriesdbdglp understand nutrition processes.
Long-term sites such as SETRES (South East Tre®Rasdarch Education Site) and the
Henderson Long-term Productivity trial have proddelot of information on these
processes and limitations.

Due to the increasing economic pressures it is itapbto design for thinning operations.
It has been shown that 75 tonnes / ha is requirediatke the operation pay. However,
intensive management costs are in the order ot&éne, while current pulpwood
stumpage is in the order of $6 - $8 - $10 / torinés is very low and so the economics are
marginal. In the past, pulpwood stumpages usee thilR / tonne.

Regionwide 17 mid-rotation experiments

These trials followed RW 13 and RW 15 and werebdistaed on 13 sites across SE USA.
Fertiliser treatments were 200 N, 50 P applied id-ratation. Several of these sites were
compromised due to weed control issues, bark begéstation, root rot problems and
fusiform rust problems. Weed control is a big fagtmazapyr herbicide applied aerially to
control hardwood weed understorey species, e.gspagies.

The objectives of the trials are to determine tlsheffective way to ameliorate limiting
resources in mid-rotation stands and quantify thgmtude and duration of responses in
pines and competing hardwoods following one appticaof weed control, fertilisation

and combination, on a variety of sites and compgetegygetation levels. This has resulted in
a range of responses due site variability and gir@sylems and implementation.



Average response to treatment after 8 years folollglpine and slash pine

ft/ aclyr Loblolly pine | Slash pine
(m3/halyr)

Fertiliser 45 (3.1) 13 (0.9)
Vegetation control 35 (2.5) 23 (1.6)
Fertiliser+ Vegetation control 70 (4.9) 35 (2.5)

Outcomes

The importance of vegetation control in combinatiath fertiliser
Fertiliser + vegetation control > Fertiliser > Véaggon control
Fertiliser had the same response patterns as indRAWd RW 15
However, vegetation re-growth was reducing responser time

Economic responses to fertiliser — more respoes& @application cost with vegetation
control

Figure 27 and 28 show the weedy and weed-freemtiezdt at one site for the RW17
series.

Long term effects of P fertilisation on P availabil ity

Very big responses to applied phosphorus have matwith a dominant and large change
in Site Index. Fertilisation x weed control wergkgd with P applied at 56 kg / ha P

(DAP 280 kg / ha). The main change was an 8 — 10hegincrease in organic P. This
means there was more phosphorus in the systenharewas no change at depth except
for fixing by iron at depth at clay layer. It wasuihd that there was a carry over of P until
the stand was 8 — 10 years old.



It is important to get the N:P ratio correct andteof work has been done on this. A lot of
stands get treated with a large amount of nitrdgeiliser; e.g. 100 — 150 kg / ha N. The
importance of the O horizon in the soil for decosipon and for future soil P pools was
highlighted.

Figure 27.Regionwide 17 trial. Weedy treatment

Figure 28 Regionwide 17 trial. Weed-free plot



South East Tree Research and Education Site (SETRES )

This study site was established in North Carolmarder to expand the understanding of
relationships among forest productivity, resoureailability and environmental stress
using loblolly pine as the model.

Outcomes from this research:

The potential productivity is far above levels lzerealised today on many sites

Improved resource availability results in betteswgth due to higher leaf area and higher
growth efficiency

Resource availability varies during the rotationd @ manipulatable (i.e. Site index is not
fixed)

Variations in response to treatments are expeatedalvariations in resource availability
across sites and the treatment’s effectivenessagliarating the resource limitation(s).

Variation in individual tree size is decreasedandthomogeneity is increased
Density dependant mortality is almost non-existariil carrying capacity is reached

Diameter and basal area growth is much higher éx&ting models predict — high basal
areas are achieved before age 10 years.

Spatially available LAI and weather data can belueegoredict growth.

Figure 29. SETRES site showing typical plot condition antelitraps (left).



Figure 30. SETRES site showing a distorted longleaf pine agriohlolly pines
located in a high nitrogen treatment

Figure 31.Loblolly pine genetics trial as part of SETRES 2



FACE Experiment (Duke University)
Host: Dr Jeff Pallin

The FACE facility consists of four free-air G@&nrichment (FACE) plots that provide
elevated atmospheric G@oncentration and four plots that provide amb@®@% control.
The system has been in operation since June 1984 jprototype plot, and since August,
1996 in the three additional plots. The prototyfm and its reference were halved with a
barrier inserted in the soil in 1998 to conduatietiver with five additional plot pairs, GO
X soil nutrient enrichment experiments. The reghefplots were partitioned in early 2005
and incorporated into the G& nutrient experiment. To increase statistical pgviour
additional ambient plots were established in Jan05, halved, and one half of each
fertilised.

It costs $2 million per year to operate includirigrsillion for maintenance / COThree
truckloads of CQ@are required every day (during the day time onlyhas another 5 -7
years to go including a 3 - year decommissioningsphEach ring is 30 m in diameter

Outcomes

It has been shown that G@ increasing faster than the trees can sequestdrerefore, it
is still important to cut emissions. Trees and oarbequestration are only part of the
answer to combating the increasing Q€vels.

It was demonstrated that tree growth increased mgher CQ via higher rates of
photosynthesis.

Some treatments were applied to test the resportsgh nitrogen levels (100 kg N / ha /
yr applied in the last 3 years). The trees showeefimite response to improved nitrogen
nutrition.



Figure 32.Overview of the FACE experiment

Figure 33.Face experiment from the top of one 30 m dianrater



Figure 34.Face experiment at base of ring showing the rafhgeonitoring equipment.



Henderson Long-term Site Productivity project

In the late 1970’s the forest industry realised thay could enhance forest productivity on
the coastal plains through the application of phosps and weed control. However, they
did not have much research to lead this and thaselitle information on the long-term
impact of forest management practices, for examwplae tree harvesting. At this time
there was concern over the potential for 2R declitnerefore, in response to these
guestions, the Henderson Long-term Site Produgtpnbject was established in 1980.
This is one of the few studies in the world whére ¢ffects of plantation management
practices have been intensively studied for a whatigtion. It is therefore a very important
research site

The establishment of the trial followed detailed-parvest assessments in an exising
taeda2R stand, and then eight regeneration treatmeerts imposed on the third rotation
crop — level of harvest utilisation, site prepamatand weed control (vegetation
management). In addition, many other processes lbese intensively studied including
soil chemical and physical properties, N-mineraigyg forest floor dynamics and plant
community dynamics. Tree growth was used as arxinflehange in resource availability.

At the time of installation the standard practiesse whole tree harvesting, nil fertiliser,
and nil vegetation control for many non-industf@est owners.

Outcomes
Control of vegetation (hardwoods) resulted in aldiog of plantation growth.
Harvest intensity had no effect on stand produtstivi

All but one of the plots exhibited higher site indelues in the 8 compared with the"?
rotation.

Above-ground production in the pine plantation hasn higher than in the mixed pine-
hardwood stands.

Soil N-mineralisation rates peaked immediatelyrdf@vest on all treatments and dropped
rapidly and have remained low since age 5 year8 kg3 ha/ yr).

Organic matter and nutrient displacement associaidpiling at harvesting and site
preparation had no effect on stand growth ane: littipact on N-mineralisation. Soil N
availability appears to be more important than piteh

Soil physical properties exhibited recovery in sieface of skid trails after 20 — 25 years

Intensive site preparation and vegetation contegtments resulted in early differences in
the species composition of the plant communitias ply late in the rotation, these
differences were no loner evident. However, theeeavstrong differences in stand
structure.



Carrying capacity: pines were much more efficiéwaint the hardwood understorey due to
differences in utilisation and growth. However stidiepends on site type (fertile vs
infertile).

Figure 35.Henderson Long-Term Site Productivity trial (wee¢rbatment)



Figure 36.Henderson Long-Term Site Productivity trial (Weeek)

Companies visited

Resource Management Service LLC (RMS)

Host: Gerald Hansen

RMS is the largest privately held forest manageraedtconsulting firm in the United
States. The size of its forest estate is approxin&t5 million ha in size, with 240,000 ha
located in North Carolina. Much of the estate wavjpusly owned by Union Carbide,
then International Paper.

The company is known for its intensive and innoxatnanagement practices and the
RMS philosophy is to add value to plantations tovpde the best return for their investors.
RMW is targeting value-adding through clonal origtal forestry and fertilisation
programs. In this region there are 10 staff to gari00,000 ha of plantations across three
districts.

General silviculture

General silviculture for the coastal plains invagowingP. taedafor pulpwood and
solid wood on rotations 25 — 27 years in length petally, have two thinning operations



(see table bellow). Thinning is managed on theshafsbasal area and involvesadw
extraction row system. The table below shows acglpiegime.

Typical stocking and timing of thinning operatidos P. taedaon the coastal plain estate

Per Acre Per ha
Plant 550 1375
Tlage9 | 300 750
T2 age 18 100 250
CF 23

Plantation sites on the coastal plain generallyeh@oor drainage therefore drainage and
bedding (mound cultivation) are very important @iens for re-establishment. An
example of a young plantation (6 months old) issghon Figure 37. Establishment
practices use a fallow period of 2+ years betwaeps The Sustainable Forestry Initiative
requirement for fallow is 2 years. The site was/v@ean site (little residue) and therefore
one pass bedding was able to be applied withoutekd for blade or chopper rolling. The
beds were pulled one year earlier (2007) and thegdveontrol (imazapyr / trychlopyr)
applied as a pre plant spray. Planting was caoigdn January 2008 at a stocking of 12 ft
X 6.5 ft (approximately 1400 per ha), and then leahaleed control was applied post-
planting (imazapyr and sulfometuron methyl) over tihp of the seedlings. Weed control is
also practiced later in the rotation as understoeégase treatments. In this case, if
hardwoods species are present, for example maglsva@et gum, then imazapyr is
applied over the top of the tree crop. Post-thigninderstorey release may also be
required (imazapyr and trychlopyr) and is applieddnath the tree canopy using a
boomless sprayer on a skidder (Figure 39). Thikasstandard regime on the plains

2R establishmen®( taeda with mound and strip weed control.



Nutrition management

Nutrition management on the plains is based orstesyof soil and site categorisation
(CRIFF). Phosphorus is a vital requirement on tis#tes and P levels are determined from
soil samples using the Melich 3 method. The amotift that has been carried over
between rotations can be determined by this methioid.newly established plantation
(Figure 37) contained 25 Ib P per acre (30 kg Php¢iof residual P. The critical value for
this region is 12 |Ib P per acre for establishm#&natikg P per ha) while the threshold is 16
Ib P per acre (18 kg P per ha). This system isvahig cost savings through improved
targeting of the correct areas to fertilise and thicurrently running at about a 20% saving
in fertiliser cost. Most of the estate is covergdsbil maps which are crucial for nutrition
management. At later ages the trees are useditaiadvhat nutrients are needed and this
Is based on leaf area index (determined by renestsiisg).

A typical fertiliser regime:

Fertiliser at planting DAP

2. Juvenile 4 -5 yrs Phosphorus (NP 100 , 2petcha) (earlier if no P at
planting)

3. Post thinning Mid rotation NP (DAP in sumna¢rl25 Ibs per acre (140 kg
per ha) and urea in winter at 386 Ibs per &40 kg per
ha)

It is common for pre planting fertiliser (phosphgyto be applied by air. FNC nutrition
trials on the RMS estate, for example Regionwideht®e helped to provided answers to
post-thinning nutrition questions.

Innovation

Innovations that are being considering by RMS idelnew espacement opportunities.
Wider rows involve lower stocking and are moreeulito growing clonal forests and there
are also spin-offs for other operations such agdigation. Other work is focusing on
improving the use of LIDAR.



Significant drains on coastal plains sites. Nbteretained habitat strip

alongside.

P. taedaplantation aged 3 — 4 years old.

LAl is currently > 3 therefore secondary fertilieat is not yet required.



Figure 40.P. taedamid rotation showing extraction row and dense ustoeey.

Release treatments are often applied in thesdisitga

Other comments

Environmental issues are very important on thetebaains and water management is

part of this. Large drains are excavated throughpthins to enable growth of productive
pine plantations (Figure 38). Many of the largeisavere in place before Clean Water

Act 1972 was introduced. RMS is permitted to cauy management and maintenance of
drains but is not permitted to cut them deeper.elsasn’t always straightforward due to
deep drains surrounding the plantations. Some slf@me culverts, some have crossings as
in Figure 38 and some contractors have portabtigbs that are used to access the
plantations.

Habitat diversity is also very important in theigegfor hunting purposes. Some areas are
commonly left untreated, for diversity and enco@ragnt of early successional species.
There is also a requirement for vegetation to bamed along major drains for diversity /
habitat purposes (Figure 38). The Sustainabledfgrénitiative sets conditions on
diversity of the landscape including the mix of atgsses and the size of clear-cut. The
average clear cut is approximately 120 acres (pnrsize.



Weyerhaeuser

Host: Dr Robert Campbell

Weyerhaeuser is a fully integrated company witldJdarests, mills, and manufacturing
facilities. The Weyerhaeuser estate in North Cagotionsists of 1 million acres (400,000
ha) plantations which are based on Loblolly piRetaedd and are now in their"2
rotation.

General silviculture

General silviculture involves thinning, pruning aga aggressive fertilisation strategy.
Conservation of organic matter is given a very tpgbrity and fire is no longer used.
Espacement is wider than other plantation growetke region with 20 ft rows (6m). This
espacement allows Weyerhaeuser to put the orgaatienn-between rows during site
preparation. Th®. taedaplantations are grown on 30 year rotations to pcedarge
diameter sawlogs. The target is 14 — 16 inch (8B €m) which is limited by the
debarking ring. Butt flare can be a problem somesinMany of these logs go to produce
plywood. The large logs achieve a premium over Emhkigs. Up to 80% of the sawlogs
processed by Weyerhaeuser come from their owngilans. There are large benefits to
owning the mills and being vertically integratede& length harvesting systems are used.

However, Weyerhaeuser is now moving towards 22 ye2 rotations. This is raising
wood quality issues that need to be worked throtigle. premium product specifications
are 2 x 12 inch boards. This is a premium prodaodtaniche that Weyerhaeuser have
captured. Locally Weyerhaeuser cannot compete smitaller dimension timber that
comes in from overseas, e.g. Finland which produeeggood quality material that is
cheap. This type of material can be imported chelyae it can be grown in the region.
The strategy is to compete in the premium grad&ketaf herefore, management is
directed towards this aim to get the most valukerathan volume from their plantations.

Plantations are designed in an alley layout whsatpaod for reducing costs. Pruning is
carried out to 6 m. Over many years they graduatbyed to wider rows 12, 14, 16, 18 ft
widths without GPS, but it was difficult to keepndage down so it was eventually decided
that wider rows would be better (20 ft row widtlas)d these are developed using GPS and
V shearing with bedding.

Nutrition management

Nutrition and productivity are very important tethusiness. Fertiliser programs have
been carried out in Weyerhaeuser plantations dif8€8. Winter is the traditional time for
fertilisation however, late summer / autumn is whiemlargest uptake by the crop occurs -
a growing season response. Application is best dotie rain.

Nutrition management is tied to soils, then foliageelopment, then basal area. Land
history and landform is also important. Landsatsed to help. There is a lot of data on
LAl and this is used target sites for applicatibhe overall fertiliser program is now cost
constrained so prioritisation is very importantefédnare some operational constraints.

Weyerhaeuser has an applied research facilitylfprhanagers make decisions and a lot of
work has been done on foliar micro nutrient appiccaand dose rates.



Ground-based equipment is used for fertilisatioemgtpossible. Aerial application is more
expensive and more fertiliser is applied due tatoast. However, the decision depends
upon topography.

An important consideration for nutrition managemsrthe weed load. A pre plant then a
release spray is usually carried out at age 2 eaBsydepending on the species. Herbicides
are a lot cheaper than fertiliser. A release is aetsried out at mid rotation and this is often
achieved by mechanical methods. Weeds are alseeddhrough crushing during

thinning operations.

Innovation

Weyerhaeuser has been at the forefront of deveddpitiliser products for their own
purposes over the years and some of these prodasatshad patents applied and
Weyerhaeuser is looking to market some of thesghter plantation growers. They have
developed a proprietary suspension (liquid) whgch blend of phosphorus and micro
nutrients. MAP or phosphoric acid is combined suapension product which allows them
to suspend the materials together. Micronutrieresraa chelated form so they are more
available. Weyerhaeuser also have a proprietamyyatdor a coated urea granule along
with copper products and boron (Arborite). A spbayder containing B and Cu is applied
to a urea granule which reduces volatility whiclk isoncern (with up to 30 — 50% losses).
Then there is powdered MAP on the surface. Thisiges a 39:9:0 ratio of N:P:K.
Phosphorus and boron provides good control of Wisktion. This product has achieved
25 — 30% less losses through volatilisation, theeeiVeyerhaeuser has been able to apply
25% less product, which saves maybe $10/acre mayhe $20, which is a significant
saving across a large estate. The per tonne micméted products is high but when
applied on a per acre price, it is a very good pobd

There were many issues when developing the nevedgabducts. There was some
residue dust with product which was due to outpafcsproduct. However, Weyerhaeuser
were working with a good company and got it jughti The dust standards are now below
1 - 2 % for aerial and 5% for ground-based appboat They do not use augers but belts
in their equipment, which helps handle the prodaote carefully. The big thing in the
success of the fertiliser development was theicglahip with fertiliser company and
between the people. The driver was the fact trdertd bodies and fertiliser companies are
now not so much into research so no new produats asxailable, except for some
companies e.g. Scott. Therefore, agriculture anestoy have had to deal with commodity
products. They were dealing with a commodity plifgsy rather than a technical
philosophy or expertise. So Weyerhaeuser decideévelop their own products.
Laboratory testing is also very important. The raaterial source is also very important
because of problems with dust and chemicals antypiiot all field trials worked either.

Other comments

Weyerhaeuser have recently sold their fine papsinkess and container board business.
They intend to hold onto the Timberlands as theiedusiness and it is yet to be decided
whether the rest of the processing side will be.sBkrtainly there is pressure from
Weyerhaeuser stakeholders (Wall Street) to protmedrds a REIT to meet tax
requirements.

The FNC has provided a lot of good research thaliddoe applied and tailored to
Weyerhaeuser operations. The field trials havedtketp guide the development of their



own silvicultural practices. Weyerhaeuser does mitlage than other companies and this
is based on results from Region Wide 16 trials.i®eyVide 18 trials give the dose rate for
fertiliser application. There can be 3 — 5 applaad through the rotation. But not all sites
are broadcast applied. Leaf area development is mportant than age and important
work has been done on this by the FNC.

Typical 2R site preparation with shear blade puglsiash between the wide
(6M) rows



Figure 42. A fallow is typically used to allow understoreyesppes to recover

before herbicide application.

Figure 43. A high quality sawlog regime to produce qualitpghucts.



ArborGen LLC

Host: Phil Doherty, Pine Development Manager

ArborGen is a leading tree improvement and produadbusiness with primanyarkets in
the United States, Brazil, Australia and New Zedldrhe Company operates from more
than 20 locations, producing more than 350 milti@estocks each year and employing
more than 185 people.

Seedlings are produced in a most efficient mannigr afocus on resources. The motto is
‘Seedlings with insight’. Phil’s job is to charadse the seedlings for the correct end use
and what the requirements are. He recommends hogetthe seedlings and how to get
the best out of them. This is achieved through tstdeding silviculture, resource
availability and limitations. ArborGen’s focus 3 lbe more responsible and site specific
with improved silviculture to extract the best wodf the genetics. This is very refreshing
and pro-active. Phil discussed how the company iné@snation on the site, resource
availability and limitations - what the site briniggsthe equation, where the pools of
resources are and how to get the most of what ged from what you have (how to fully
utilise the site, resources and genetics). Thasviery good example of marrying the all the
important components.

ArborGen is now working on the nutritional requiremts through the rotation. Work with
the FNC has been very important especially the dte@lide 18 trials. This has provided
process level research and these trials have stt@t/productivity can be increased to 40
MAI. However hurricanes are a problem in the aréa damage is proportional to LAI,
i.e. influence of fertiliser.

On some soils a bigger response is achieved togranatand density rather than
nutritional inputs. Dry sandy soils need fertiliser demonstrated in SETRES series of
trials. However, as genetics are changed, othegshinay also change and this is different
for nitrogen and phosphorus. These responsesso@apendant on site and water regime.

Phosphorus carry over is monitored and used asergleguideline. If 70 Ibs P per acre
(80 kg P / ha) is applied in first rotation, thémvill generally last until time of first
thinning, before there is a need to reapply phosghdiowever, there is a need to keep in
mind what is done to sites during site preparation.

The configuration of stands is also important. $reehigh genetic quality are not planted
in extraction rows. Common configurations are 10 %tft spacing. (3 x 1.5 m spacing =
2222 stems / ha). Now with improved genetics 66% ®f the stand trees are of sawlog
quality. This is much better than before and inbev thinning is now being undertaken as
well. Improved genetics have been shown to sigauifity increase growth / productivity in
the next rotation. For example, 1R Site Index wa#t 721 m) but this is now in the mid
90’s (27 m) at age 7 years. It was mentioned thiatesplantations are heading towards a
direct sawlog regime with a need to focus on tlvens@amber outputs form the start. Most
plantations are still managed for pulpwood only.

Branch control is a big issue and genetic contaal leelp. ArborGen has gone clonal in a
lot of places and have made significant gains. & laee clones that have good growth and
good branch quality, plus uniformity along with gbloranch control into the"2and &

log. This is only possible at the clonal level. Téare cost differences with clonal material



being 40c per seedling, compared to 12 — 15 ¢ f8PMnd 5 — 7 ¢ for a standard seedling
but the gains can be phenomenal.

Figure 44.Region wide 18 post thinning fertilisation triglaft of the series

established by the Forest Nutrition Cooperative)

Figure 46.Clonal trial



The clonal trials that we visited were very impressThey had a range of combinations of
genotypes and phenotypes. The between row spaaiaggide which allows big savings,
with more strip or individual tree fertilisation v is row directed or tree directed. There
is a move towards lower stocking. The main focuslieen to find the best clone for the
best use and this will depend very much on the gemant objective. It is all about

finding the best match, which is a huge advancprexious approaches. ArborGen
consider that the most important management decisithe initial stocking.

There are different stand dynamics between theeslohotal volume is the same but
bigger trees, higher growth, higher percentagewinstimber recoverable. This is seen as
excellent value for anyone serious about foresRgles are very high value too and
provide great returns.

ArborGen is also looking into pruning considerasipwildlife considerations and biofuel
options with a new generation of trials plannedb@Gen is very focused and it was
invigorating visiting and talking with them. Theged'making every tree count”.



Appendix 1. Abstract of paper presented at conferen ce

Management of Phosphorus nutrition in radiata pine: 45
years of research and experience in Tasmania, Austr  alia

W.A. Neilsert and P.R. Adanfs
11 Bareena Rd, Taroona, TAS 7053
%Forestry Tasmania, G.P.O. Box 207, Hobart, TAS 7001

Low level of soil phosphorus is a major factor liimg productivity across significant parts
of the Tasmanian plantation estate. Phosphorugionthas therefore been the focus of a
significant research effort over almost five desdeong-term fertiliser trials, dating from
the 1960's are the foundation for predicting paétigrowth and responses to P-fertilisers
across the estate. Long-term increases of at1€astha'yr* have been obtained in many
of these experiments. Research has also investigila¢ interaction with other nutrients,
root growth relationships and the effect of feselis on soilsExtensive aerial fertilizing
was commenced in the early 1970’s based on thearels. In conjunction with research,
forest soil surveys, that have identified, namedl rwapped 185 individual soils with
profiles described and full profile physical andgptical analyses, have been carried out.
This work has recently culminated in the develophuéa P-fertiliser decision guide
(PFertGuide). Using a GIS database, climatic fac@infall and temperature) are
combined with the detailed soil profile data (tapgepth, organic matter and rooting
depth) and crop factors (growth, visual symptontfatiar-P concentrations) to determine
the requirement for, and likely responses to, fhy@ieation of P-fertiliser. The P-fertiliser
program is primarily targeted at young trees betwasge 4 and 8 years with the aim of
overcoming limiting P and allowing the stands tbiage and maintain satisfactory
growth. Recommendations include fertiliser produges and timing along with levels of
confidence in predicted stand responses for a rahgeil x stand combinations. The
research demonstrates the value of extensive dseambined with detailed soil survey
information in developing fertiliser programs.

Theme Area: Management effects on growth, prodaoditd sustainability of forest
ecosystems, or Fertility and Tree Nutrition



