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£id & _NOTE _ON _THE STREUCTURE, OF THIS FUBLICATION

Thie publication has been divided into & booklets.

The fivrst, and major booklel contains the introduction,
background informaticn on each aof the arboreta and a description of the
analyses used in the 1283 Arvboretum Burvey, and concliudes with a summary

of results and general discussion.
The remaining booklets comnstitube a fileld guide for the
arboreta. For the convenience of field observervation, each arboretum khas

been dealt with in a separate bookletb.

These latter booklets entitled "FEileld Guide and 1985

Fer formance Analysis" contain location maps, ground plans Tor the

arboreta, provenance information and conprehensive plot-by-plot graphs and

Gables of the 1985 Analysis resulibs.
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Location O0f The Northern Jarrah Forest
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1. INTRODUCTION

European man entered the jarvah forest less than 100 yvears
ago but in that short fime his dmpact on dits ecology bhas been profound.
Al though it is highly adapted to its harsh soll and climabtic envivonment
there is concern that the forest lacks resilience in the face of man
indured changes. This is particularly apparent in the Northern Jarvah
Forest, an area of about 108ha on the wet (B800-1300mm rainfall) western
fringe of the Darling Flateau of Western Australia. This area is
egpecially well endowed with resowrces of timber, water and minerals and
i close to the major coastal plailn population centres of Ferth and

Burbury (Fig. 12. It has suffered the most severe impact of man.

Concern for the lack of resilience of the forest is partly
atbtributable fto the dominance and vulnervability of the single species
Jarrah (Eucalyptus mardginata D.Donn. . It forms a nearly pure oaverstorey

on the enbive area, masking obherwise guite apparent variation in site

types (Havel, 197350, Concern also arises from the nature of the probl ams
the uses to which is is subjected.

I the mid 1970%s the rapid expansion of bauxite mining in
the Novrithern Jarrah Forest triggerved a intesnsification of research efford
CTAGE report?. The general aim of this work was to develop the capacity fo
restore and/or maintain effective forest ecosystems in disturbed jarvah
fovrest areas. A major component of this work was to identify overstorsy
species suitable to replace or augment jarrah, should this be reguired.
For this purpose a series of large arboreta were established on btypical
distuwrbed sites to provide a base from which the performance of potential

replacensnt species could be evaluated (Bartle % Shea, 1978).

This report presents background information on the
location and design of the arboreta, the selection of species for
inclusion, and results of the initial (1985) measwrements, including an
analysis of performance. It is presented in a format suitable as a guide

for field inspection.
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FIGURE 2 Climatic Data For The Northern Jarrah Forest




2. (BEDERAPHY OF THE REGION

2.4 ENVIRONMENT _AND_ECOLOEY

The Morthern Jarvah Forest region has a Meditervanean type
climate, though warmer and webter then is typical (dschman, 18973,
Climatic data for e locations representing bthe extremes of the west-east
rainfall gradient across the forest are given in Fig. ., Overnight winter
froosbas ooour oo some 1020 days per year, the lowest minimum temperature

resorded being —4%C (Hall et al, 19813,

The jarrvah forest stands on a low, undulating peneplain with
a mean elevation of 300m. It is an ancient, geologically stable surface
ot which the predominantly granite basement rocks have bDeen exposed o a
long period of in-situ weathering to form a deep laterife mantle. The
upper horvizons of the laterite profile, made up of accumulated weathering
resistant iron and aluminium oxides and guartz, are typically 4-8Om thiok
arnel gquite permeable. This is underlain by a kaolin olay horizon averaging
28m thick (Bebtarmay et al, 19B0). The permeability of this layer is
grihanced by discrete vertical channels (Johnston et al, 18983, Dell et al,
129833, Being highly weathered the jarvah forest soils are of poor

fertility.

In terms of the effectiveness of rainfall, a crucial
determinant of plant growth in Mediterransan climates, the jarvah Torest
ig oubtstanding. The low relief, permeable surface hovizons and large
depth of permeable clay subsoil provide considerable potential for water
infiltration and storage. The Jjavrvah forest is clearly adapted to exploit
this water sbtorage (Dell et al, 1983). As a conseguence the forest is
mmbable Tor the dominance of its water balance by evapobtranspiration, its
low stream yield and accumulation of salts in the soil profile (low %
Stokes, 19811,

2.2 HISTORY OF LAND USE

Early timber cubtters introduced the fungus Phybtophthora

cinnamomi Fands, a soll/water borne roob invading pathogen. It causes Lthe

dimease, Jjarvah diebaclk, which on susceptible sites resulits in complete

movrtality of the jarvah overstorey and dramatic decline in the diversity



and vigowr of the wunderstorey (Fodger, 19723, The early spread of the
fungus was guite slow but accelerated rapidly with the post-war
mechanization of logging. It riow ococours aver some 1474 of the forest
(Forests Dept., 1282, mostly in the high rainfall zone (>1100mm pal and
locally favours seasonally wabter logged sites. Severely affected sites,
ieee bhose with sextensive jarvah overstorey movrtality, praobably make wup
alpout half of the infected area. The severity of disease is strongly site
dependent. It ranges from eéxtreme on highly suscepbible sites to trivial
o resistant sites. Cwurrent research aims to develop a site
slassification system so that the possible fubtwre course of disease can be
praedicted and appropriate preventative or rehabilitation methods can be
developed. Prevention in the form of hygiene (nmeasurss to avold the
spread of potentially infected s0il) is already well established

tUnderwood & Mwrckh, L3840,

Early agricultural development made no inroads into the main
belt of the Northern Jarrah forest since 1t was well protected by an
emtabl ished logging industry, infertile lateritic soils, and, after the
Foreste Act of 1918, seourity of tenure as dedicated forest. However,
imlanc of about the BOOmm rainfall isohyvet, where the forest was of poorer
gual ity and the laterite less well developed, alienation of land for
agriculture continued up tao the 1960's. Removal of forest in this zone
Ci.e. less than 900mm rainfall) caused severe secondary salinity and
degracdation of stream wabter gquality (Feck, 197851, It is now knows that
potential for salinity extends into the main forest area as far as the
intermediate rainfall zone (900-1100mm par. Only the high rainfall zone
Cgreater then 1100mm pal is free of the problem (Hartle ot al, 1982).

Some of the major Torest streams which drain fraom the low rainfall zone
have had extensive agrisultural development and have been greatly degraded
in water guality (RefX. & major reafforestation progeramms has been
comnmenced in the Zollie River Basin to reverse such a problem and further

clearing has been banned on several obther catohments (Refl.

In recent decades the water catchement function of the
forest has displaced timber production as the dominant, on-going use
(Forests Dept., 19821, All major streams, wilth the esxception of the
Murray BEiver, are or will soon be harnessed for water supply. Some 804 of
mity supplies come from the Northern Jarrah Foorest (BEefl). The salinity

problem both developed and potential is a serious threat to this use.



The large bauxite reserves of Uthe Northsrn Jarvah Forest
wer e committed for exploitation in 1861 before the significance of the
Jarrah dieback and salinity problems was fully rvealized., From initially
moddest scale operations mining has expanded vapidly and now extracts some
17 million tonnes of ore from some 380ha of forest per annum. Bauxite
onours as discrete upland ore bodies and consists of the uppsr porous
horizons of the laterite profile(uwhere alumina content is sufficient? The
oré s exbracted Trom shallow Caverage <.5md) open pits. Pits make up some
25% of the landscape in current mining areas and so the operation dirveclly
affects, through access, drainage and aesthebtics, some fouwr times the area
actually mined. Hehabilitation is an integral part of the operation
(Bartle % Shea, 1979, Dept. Cons. & Envivoament, 19842, With the
exception of the small Worsley Alumina opervation on the already salt
degraded Murvay River, mining is limited to the high rainfall zone. Since
some GO% of ore reserves ooocur in bthe intermediate and Llow vainfall zone
there is a committment to develop rehabilitation methods which will be
sutcessful in preventing salinity. I this vespect, the risk of disease
beding spread and potential for existing disease to be intensified by the

mining operabion 18 & major Concern.

I addition o Its production of tangible resources The
Northern Jarrah Forest is also important as a rveoreabional venuwe and for
congervations These uses add a level of public scrutiny and pressure to

the development of sound rehabilitation practices.

3. SETTING UF_THE ARBORETA
.'\'_ ¥ . \ fr-t _.-,_ - ¥

31 SITE_SELECTION -~ pe oo saiag Ppmeele

I the project, replicate plantings of a large range of
prospective rehabilitation species were established on all major
di sturbance site types. The character of each disturbance site is
determined partly by the natural site variabion in the envivonment and
partly by the type of disturbance to which it has been subjsct. The ma jov
sources of pnatural site variation are the west-east climabic (largely
rainfall) gradient and the topographic gradient in edaphic conditions. To
adequately sample this variation arboreta should ideally be rvreplicated on
at least two rainfall levels Chigher rainfall zone - 1300wm, and lower

rainfall zone — BOO to I00mm? and at two topographic levels (upper



laterite vidge and lower ftrumcated latervite profilsl. Thres wmajor
disturbance types occur i.&. bauxite mining, dieback degraded and
agrvicultural ly developed. Full replication of these disturbancs types for
each level af rainfall and topographic position is not reguired since
bauxite mining only ococcurs on wupper topography, agriculitural development
iw only a problem in the lower rainfall zone, and dieback cam ooour
anywhere, though high rainfall, low Gdebask topography sites are well

gndowed with existing arboreta (Hart, 1973).

By bthis analysis seven arborveta sites weve bargeted. To
date five have been established (Table 10.
3.2 SPECIES SELECTION

The species to be tested in the arboreta were limited to the
genus Eucalyptus and to twoe Pinug species commonly used in Western
Australia plantation forestry. Restricting the species to eucalypts was
partly arbitrary since there could well be species from other genera and
ohkher pavts of the world which would be swuccesstul. Bub the limit was
also rational in that eucalypts are well adapted to the characteristic
Australian envivonment of low fert@lity, drought and five proneress,
Eucalypts aleso have the advanmbage of assthetic compatibility with the
rempnant Jjarvah forest, in association with which all rehabilitation
plantings would be made. &nother constraint was sesd availability.
Though some ool lections were specially commissioned most had to comse Trom
existing supplies, mostly those available from the CEIRD Seed Bection in

Canbervra.

The species were selected acoording to one or some of the

following eviterias—

s apparent adaptf&n o odrought prone, infertiles and saline
environments.

= previous indications of good performance in the Morthern Jarvah
Forest .,

= tolerance of five and Phytophthovra cinmnamomi.

s timber production potential.

w5 bher forms of production Choney, oils).



ARBORETUM

Del Park
May i nup
George Wppaer
Georges 1ower

Bingham Eiver

ARBORETUM DATE
Del Park

Mayrinup

Gieoy ge upper
Geoarges L ower

Bingham Riwver

TABLE 1

ARBORETUM SITES

EAINFALL Cmm) TOPOGRAFHY
1300 PP er
1300 Lpp e
800 LUpp ey
200 Lower
800 Loy
TABLE 2
EST. NOSPEC. NOJBEEDLIST EEFL.PLOTS

DISTURBANCE TYPE

bauxite mining
diebacl
dieback
dieback

agriculture

TOTAL PLOTS



e native to regions with a Mediterranean type climate (soubthern
Soubh Australia, western and cenbral Victoria and south west New Soutbh

Walesd.

Faor the potentially more important species up to several seed lobts
were selacted in ordey fo demonstrate likely within species variation in

pey formanse,

The present arboveta were established over a four yvear pesriod and
during this time the availability of many seed lots lapsed. This
comproni sed the objective of establishing complebts replicate arboreta at
sach site. Howsaver, where one seed Lot became unavailable it was
abbempted to replace 1t with a geographically near substitubte.

-

Mumber of species and seed lots for sach arboreta is shown in Table 2.

3.3 LAYOUT AND_DESIGN

Flot size was made as large as practicable in ovder To minimize edge
effects and provide the option of doing analysis of individual plot
ef fects on ground water, soll water storage and plant wabter relations. &
plot size minimum of O.8ha was aimed for. Plots of species with more than

orte seed Lot were Jjuxtaposed.

Plot shape was near to sguare to provide maximum distance from sedge
for a given area. In both Del Park and Marvinup arborebta this aim was
corapyr omised in favour of making the plobts more rectangular in ovder to
hetier sample the considervable local site variation apparent at these

Tonsabt i ons.

The large plot size and number of plots (Table 23 reduced the scope to
replicate plots within each arboretum. Esplication was therefore confined

tx oa core group of species and for these only duplication was possible.

Bovrefields from which o monitor ground water level were established

at three sites iL.e. George upland, Seorge lowland and Bingham Biver.



2.4 ESTABLISHMENT

At the George arboreta, the only two to carvy a substantially intact
hative forest cover, detailed site-vegetation mapping was carrvied out

prioy to clearing to establish The arboreba.

Standard operational establishment procedures were used. Ground
prepacation dependecd on site.  The bthree arboveta in forest or remmant
forest were cleared and raked with bulldorers and the trash burnt. The
asihbeds were carefully aligrned to lie along atcess roads so as not bTo add
o the variability within plots.  The bauxite pit site (Del FPark) was
given standard pit preparvation for planting (Department Conservation and
Envirormment, 19284, The farmland site (Bingham Fiverd was deep vipped in
autumn and herbicide sprayed to control germinating pasture in winter.
Fior each site six month old ssedlings in peat pots were planted into
apeared apenings in the soil in mid winter. An application of Z200gms. of
mon-ammonium phosphate (NP, 12,220 was applied in a split dose at planbing

anc &% weeslks.

Flanting was on spacing of <9m within rows and 9m between rows o glve
d

a total of 629 seedling per ha.

With the sxwception of Bingham FHiver which was previously fertilized
farmland, all sites had S00kg/ha. of superphosphate (with copper zimoc and
el ybolenum trace elements) applied asrially. The rationale of this
Ereatment is that it is a plausible operational procedure which in
adaition to divectly improving phosphate pnutrition may senhance nibtrogen
input by stimulating native legume growth. The Del Park arborvabum was
also planted with mative legume shrub understorey, now a standard
procedure in pit rehabilitation (Deparvtment Comservation and Envivonment,

1284 .

A exploratory btreatment being tested at the two upland arboreta
tMarvinuwg and George upland? is the shatitering by blasting of the
incurated upper borizon of the lateritic profile (known as caprock?. This
layer was seen as a potential impediment to voot access into the profile
foor imtroduced species though it is apparently nob so for bthes native

Jarrah. Bubsegquently, this layer has been implicated in impeding drainage



into the deeper profile and creating conditions highly favourable for
Fhytophthora (Shea b al, 12227, The freatment was applied to duplicate

*plots of 12 major species.

All plots were checked for movbtalify in their firvat summer/aubumn.
Where establishment was less than 75% refilling was carvied out in the

secont winter.

The previously forested sites suffersd considerable native eucalypt
regeneration from lignotubers and stumps., This was controlled over yearvs
i

=3 after establishment by podisoning with glyphosate.



ASSESSMENT OF ARBORETA




Field measurements weare per formed between October 1984 and

SGeptember 1905,

Within each arboretum, original planting design was such
that plots consisbed of wup Yo 20 vows of trees. Each row consisted of
betwesn 329 and 45 ftrees. FPlobts were bhouwnded at either end by access roads,
and in the majority of cases had plots to either side. To minimise edge
effects, the sample population was limited to the central rows so that the
firnal sample acoounted for approximately 104 of total tree positions in

gach plot. The vemalnder of the plot was treated as a buffer.

Giverr time restraints, bthe number of plots and intensity of
observations requived for this study and sampling limitations imposed by
edge effects, it became apparent at the outsel that an inventory
assessmnent programms based on a randomized sanpling procedurs was out of
the guestion. analyses wiuld not be adeguate. "Perform”, a transect-based
tree performance analysis sysbem was developed ©to streamline field-data
collectlion and provide an interactive computer database through which
arboreta, plots, tress and individual parameters could be compared. Using
this sysbten, twoe practised observers could assess (15 observations) and

bk a tree within one minube.

Ta further save time, where free performance was extremely
poor oy the majority of trees appeared to be missing, sampling was
restricted to one vow anly (giving a sample size of bebween O and LO% of

p £ L .

botal piat Iocations) .

Fior esach tree position, the following information was

abtained and noted o the booking sheet (Appendix 1.17 3
1. Tree (positiond number
Ee Height (absoluted

3. Diameter (at 1.23M overbark)l

. Form (via systematic tabled



=

. Vigouwr € via systematic bablse)

Ge Defect information (wind-throw, borer evidenoe,

srawh danade ebod

Tree nuwmber

A number was allotbted sequentially bto every planting
along sach row. Where a bree was absent, this was recovded by

that position nunber on the booking sheet (see Appendix 1,13,

location
slkipping

Where a tree

had move than one stem originating below 1.3M, separate readings were

taken for each sbem — (in such cases, all stems shared the same tree

pumber .

For brees taller than fowr metres, the observer moved o a

convenient location where both the top and base of the tree could be seen.

Fercentage slopes from eye to top and from eyve to base were measuwred using

a 'Suunts’ clinomebter and recorded along with horizontal distance from

tree to obsevver. Mo allowvance was made for ftree lean.

Trees between 2 and 4 metres tall were measured by either

clinometer (as described above) or height sticks.

Trees less than btwo metres were sstimabed.

Diameter

Diameter was measurscd overbark at 1.3 mebtres with a diameter

tape. Diameters of less than 20mm were estimated.

Form was estimated systematically by following sbem and orown

ohservations throwgh a "Form Per formance Table" (Appendi=z 1.23. In this



way, each tree was given a score between O and <4 for forme & fTrese was
initially allotted the mawimum 4 points. Deductions were then made Tor

variouws stem and ocrown defects as followsi-—

¥ Twon stems originating below 1.8 metres .. 010

¥ Three o more sbtems originating below 1.2 metves .. (22

F One twist or bend in the sbem .. (=13

F Two o move bends in the stem oo (-3

¥ Crown forked .. 0—12

# Crown lopsided .. (-13

FoCrown with large limbs .01

Heroe, to obbtain a perfect socore for form, a tree had to be
gsingle-stemnmed, with & straight bole, small limbs, an even crown and
single dominant crown leader.
Vigour

Vigouwr was estimated systematically through the "Vigour
Per formance Table" (appendix 1.33. Again, trees were initially allotted thet
maaimuim Cd poinbsd score, Foints were then deducted for the following

defecbsy ~
F Crwown stationary (ot expanding) .. 012

£ Crown "Unheal thy" levidepnces of eploormics, some dead

branches) . (-1
F Crown "Very unhealthy" (228% of branches dead? .. (-2

¥ Leaf Area Index (visual est.? approximately 2-3 ..0-10



¥ leaf Area Index approximately 1-8 o, (-22

¥ leat drea Index less than 1 .. (-3

Hence, to obbain the maximum vigouwr rating of ¢, a tree required
a crown which is actively expanding,no dead branches or epicormics and a

leaf arsa indexw of three or more ton a 4X4 metre spacingl.

Approximate leaf area iodex was determined by compariscon with
sample phatographs of various tree crowns covering a range of L.AJI%s Cat
a 4xd metre spacingl.

Dafect Observations

Trees were inspected for sxternal evidence of damage by bovers
oy bermites, stem splits, damage by wind,or indications of any oabher
malady. These were nobed in the "oomments" area of the data Torm tappendix
Laild o

A more intensive, separate survey of all plnta‘ﬁr borers, termites ¥
antd stem (Ycambial") splits was undertaken after the conlusion of the
per formance measurements. Hino bleeds, scars and holes in the stem werse
all followed back through the bark and into the wood in an attempt to
debermine their origin. Information on the presence of bovers,; termites

and cambial splits was drawn from both of these studies.

Far formance data analysis was achisved throuwgh the "Pev fovm 79
transect analysis computer system (Davey, W.A. Department of Conservalbion
ariel Land Managementl. This system enables a flexible "weighting" to be
applied to sacth measured parameter. Looking abt ohe parameber at a btime,
the measwrement for sach tree is compared with the best measuwrement
gunpected from all treez in the study (alternatively, the sysbtem has an
ophion whereby it will search the data and exbract the actual maximum
veading for each parameber for comparisonl. The tree’s per formanie as

measwred by this paramebter is expressed as a percentage of that maximum



achievable value. This wvaluwe is then nulbtiplied by the "Welighting Factor®
nominated by fhe user. The resultant values for all parameters are
comb i ned o produce a "Eabting" for each tree which is svpressed as a

percentage of the maximum possible per formanse.

Thy oughout the analysis, the "Ferform” system keeps sach tree
individually identified. Hence "rating" is calculated for each tree
irather than being debermined at "Plot" level from plot mean height,
diameter, form and vigourd. This facilitates the statistical analysis of
"rating" as a separabe tree parameter, enabling statistically valid

comparisong of this parameter both between plots and bebtween arboreta.

The system also enables vranges to be set for sach parametsr, and
includes an option to produse a prafile graph talong sach ftransect? for
arty combination of parameters measured. The graph can present values along
the transect either btree-by-trvee oo as a travelling mean, and provides a

umeful tool for the field verification of data.

Fior the purpose of this publication, all factors were weighted
egually (23% =sach?, hence FEating for each individual tree was obtained by

the following formulas-

HE 1 Dt L Ft 1 W 1 100
FEATING of tree (L) = e B o ol s A e o e Bt b w0 o W e
Hm 4 D & i i} W E 1
wher e
HE = height of sample tree
Him = maximum height eupected 20m)
Dt = diameter of sample trée

D= maxinum diameter eupected (285 omd
Ft = Torm of sample tree

Fra = mawimam form 40

Vi o= wvigeoy of bhres

Vo= omaximumn vigour 04D



Values for individual trees were averaged to give

mear values for height, diamebter, form, vigowr and rating for each plot.

Survival was not included in the rating as this
wioild have down-graded the Bingham River &vboretum which suffered a
wildfive in labte Bpring of 1981, The ococowrence of this wildfirve in
Bingham River arbovetum must be kept in mind when comparing arboreba for
stan damage and insect attack. Bites of fire stem—damages may have provided
gagy atcess for insectbs (Molaw 198353,
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G9«13 DEL Pa&REE EESULTES

Detailed plat by plot results are presented in the boakletb

B

"Dell Park Arboretum - & Field Guide and 1985 Performance Analysis.” in

Athtachment 1 (bowards the end of this publicationl.

Information within this booklet includes 21—

i Location Map « + « & o « o «Figure DPF-1
= Flan of Arboretum . . o+ « « Figure DP-Z2

Flot / Species Listing . . .Table DP-l

Flot by plot (ssquential) graphs of -

g Height « « & & & = « & = « Figure DF-3
# Diameber o « o o v w » o« « «Figure DF-d
s Form « o » o = w = o « o » «Fijure DP+3
o Vigour & & = = o & & = o« & «Figure DFg
e Survival. « + & & & & & « » Figure DF-7

£ Eating « « « v & o« « « o« « »Figure DPF-8

- Flot by Plot listing of

results for all paramebters .Table DF-2

Dverview of Del Park Eesults

& graph of mean rating for each plot Cincluding 954
confidence limitsd is presented in figure 3.1. For ease of comparison,

plots are presented in order (from highest to lowest rating?.
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Comparing the mean rating of each of the plots, the top

plots (ranked from best to worst) are listed in Table 5.1 .

TABLE 5.1

i share S0 deie e seres shrr

2 E.globulus
3¢ E.cladooal yx

8 E.mndellsrana
2 E.diversicolor
22 E.microcorys

20 E.ocypellocarpa
11 E.maculata

35 E.propingua

& E.megacarpa

10 E.maligna

SYMEOL.S

BEST 10 SFPECIES AT DEL FARK

SEEDLOT DEFECT
BESBT

L kW B C

1 B

" H ":

" B

" c

" B

" l:
B = BORERE QUCUREENCE NOTED IN FLOT
T = TERMITE OQCIZURRENCE NOTED IN FLOT
C o= CAMBIAL SPLITS NOTED INPLOT
&G = SURVIVAL LESS THAN S0%

10



Gedd MaRREINUE BESULTS

= S R R U R S S T g R SR - Y R TR -

Detailed plot by plot results are presented in the bookleb

"Marrinup Arborsebtum — A Field Guide and 1985 Performance Analysis.” in

Attachment 2 (towards the end of this publication?.
Iriformation within this booklet includes s

i Location Map « o o0 o« « « « «Figure Ma-l

o Flan of Arboretum . o « « « Figure MA-Z

= Flot/Frovenance Listing « « «Table MaA-1

Flot by plot Csequential) graphs of -

v 1"']&-‘. ghb " " " u w “ " - “ " uFlguYE‘ MA_E

- Diameter « o o o v o w w o« «Figure PMé-—d
= Filrm o m » s 2 % = = % = w sFigure M-S
- Vigowy o « w ¥ u » « s« » « «Figure MA~&
el Burvival. o « o w = & 2 « « Filguré MA&-T7

= F-:atll'lg W i " " “ “ " “ u i " F-igur‘f“ Mﬁ“’"g

= Flot by Flot listing of

results for all parameters .Table  MA-R

& graph of mean vating for each plot Cincluding 95%
confidence limits) is presented in Tigure S.2. For ease of coamparisaon,

pluts are pregented in order Cfvom highest to lowest ratingl.



s e e i 2SSy eIk e S e S e i i St S S S v oL 44eVE Himvs wiSte SLLLS iesh i St Skt Sess Seih Suest Ak S Sits hems e SIS SO simit Sile Sems ik Shis e e Brime S b ML Ren o sherm Siamm Sames fmier Sanis Shes see bemen saamn el

eLOT SPECIES SEEDLOT ~ DEFECT
BEEST

& E.clacdoocalyx 370

28b E.botryoides 7340

28a E.botryoides 12104

28d E.botryoides 7509

28c E.botryoides 121384

3ib E.robusta P e

adte E.macul ata 10865 o

a6 Pinus radiata S086e/7

33d Ewrvesini fera 113963

g9v E.diversicolor 6521 BTLC
SEb E.cladocal yx 10756 E
adi E.maculata 11181 o
5 E.saligna 4729 8
39bh E.citriodora 11640 (1

w97 Finus pinaster 2083 5
24 Ewvmaculata 12135 c
lGa E.paniculata 12137

Jia E.cladocal yx 11834

a7 E.gomphocephal a B090 T

S5YMBOLS = B = BORER OCCURRENCE NOTED IN FLOT
T = TERMITE OCCURRENCE NOTED IN FLOT
C o= CAMBIAL SBFLITE NOTED IN PLOT
SURVIVAL LESS THaAN S0%

i
it



Detailed plot by plot results are
presented in the booklet @ "GHeowge WUpland &rboretum -~ & Field Guide and
1985 Performance Analysis." in Atiachment 8 (towards the end of this
publication.

ITnformaticon within this booklet includes @

= Lecabion Map o « « o o » « «Figure GU-1

ey

= Flan of Arbovetum o o o« o« Figure GU-2

- Flot /Frovenance Listing « « «Table GU-1

Flot by plaot (seguentialld ographs of o-

'Iel gl’1t " " " " " " " n “ " " F-l (_.‘,ll.l'l"t?: EJLJ_S

Diameber o o o v« w « o » «Figure GEHU-4
% Frarm « &« o % % = & & & & % »Fdgure GU-H
- Vigour o« « a & « =« « « « « «Figure GU-6
o Burvival. « « & = e o« o« o« o« Figure BUST

. Eatiﬂg u " u u " u " n " u .Figuré BU“8

e Flot by Plot lisbing of

rasults Tor all parameters . Tables  GL-2

Bverview of George Upland Fesults

A graph of mean vating for each plot dincluding 9864

confidence limits) is presented in figure 5.38. For ease of comparison,

plots are presented in order C(from highest to lowest vatingd.
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E.BOTRYOIDES 7340  —xwsw
E.ROBUSTA 11023 ~ —%#w«x
€.CLADOCALYX 6470 =— = -
E.BOTRYOIDES 7340 - - —
E.CLADOCALYX 11834 —w#x#
E.BOTRYOIDES 12104 - - -
E.BOTRYOIDES 7509 - - -
£.BOTRYOIDES 12134 - - -
E.ROBUSTA 9424 = = = = -
E.MACULATA 10865 - - - -
E.MACULATA 11181 — —#*#»
P. RADIATA 5086-7 - - - -
E.RESINIFERA 11963 - - -
E.DIVERSICOLOR 6521 - —
E.CLADOCALYX 10756 - — -
E.MACULATA 11181 - - - -
E.SALIGNA 4729 - - - - -
E.RESINIFERA 10962 —%*##
E.RESINIFERA 11011 = - -
E.CITRIODORA 11640 -—%#%%
E.CITRIODORA 11640 =~ - -
P.PINASTER 5083 - - - —
E.MACULATA 12135 - - —'—
E.PANICULATA 12137 - - -
E.CLADOCALYX 11834 - - -
6. GOMPHOCEPHALA 6090 — -
E.ROBUSTA 10063 =~ - - -
E.ROBUSTA 11969 - — - -
E.MACULATA 10846 - - - —
E.MACULATA 11005 - - - -
E.RESINIFERA 11209 —- — —
E. GOMPHOCEPHALA 6030 ***%
E.MACULATA 11965 - - - —
E.CITRIODORA 6196 - - =
E.CITRIODORA 11762 =- = —
E.MACULATA 10728 - - - -
E.MACULATA 9580 =~ - - -
E.DECORTICANS 10148 - —
E.PANICULATA 11600 - - -
E.DECORTICANS 11646 - -
E.MACULATA 11240 - - - -
E.ROBUSTA 10176 - - - —
E.RESINIFERA 10431 ~ - -
E.PANICULATA 6197 - - -
E.CREBRA 12010 - = - - -
E.CITRIODORA 12012 - - -
E.ROBUSTA 11029 - - - -
E.ROBUSTA 11893 - - - -

E.WANDOO 6532 — — —w*w*
E.LEUCOXYLON 9602  —w®w%
E.OCCIDENTALIS 6510 *w*w
E.SIDEROXYLON 12001 - —
E.CALOPHYLLA 6524  —*wew
E.GARDNERI 6527 -~ —#%%%

E.CITRIODORA 12379 - - -
E.LONGIFOLIA £200 - - -
E.FALCATA 6325 - - —asew
E.MELLIODORA 10820 - - =
E.OCCIDENTALIS 6310 - -
E.SIDEROXYLON 12017 - -
E.MACULATA 9461 - - - -
E.LEUCOXYLON 10099 - - -
E.CAMALDULENSIS 4357 -
E.RESINIFERA 10113 - - -
E.DECORTICANS 11561 =~ -
E.LAELIAE 6536 - - -
E.FALCATA €525 =- - - - -
E.ACCEDENS €215 - - - -
E.LEUCOXYLON 10095 - - -
E.FANICULATA 11741 - - -
E.MEGACARPA 6535 - - - -
E.MELANOPRLOIA 10783 - -
E.SIDEROXYLON 11844 - -
E.FASCICULOSA 7251 - =
E.MELLIODORA 11787 - - -
E.RUDDERI 11695 - - - -
E.ACCEDENS 6537 - —waws
E.MELLIODORA 10825 ~- - -
E.LEUCOXYLON 9604 - - -
E.RUDIS €533 - - - - - -
E.FPOLYANTHEMOS 11307 - -
E.LEUCOXYLON 9538 - - -
E.BGRRDNERI 6527 - - - -
E.DAWSONII 9977 - - - -
E.LEUCOXYLON 9601 - - -
E.FOLYANTHEMOS 10730 - -
E.ASTRINGENS 6529 - - -
E.PATENS 6531 - - - - -
CREBRA 875€ - - - - -
POLYANTHEMOS 11829 - -
WANDOO 6532
WANDOO €530 - - - - -
CALOPHYLLA 6522 - - =
MICROCARFA 11782 - - -
LEUCOXYLON 9608 - ~ -
CREBRA 11958 - - -sxxs
POLYANTHEMOS 11812 - -
KONDININENSIS 6528 e
CREBRA 11784 = - - - -
ACCEDENS 6537 - - - -
MELANOPHLOIA 11031 - -
LEUCOXYLON 9603 - - -
LAELIRE 6534 - - - - -
E.CONICA 11826 - - - -
E.MELLIODORA 11860 -#snx
E.DIPTERA €517 ~- - - - =
E.mMICROCARFA 10868 - - -
E. INTERTEXTA 11630 - - -
E.SPATHULATA 6523 - - -
. SARGENTII €509 - - - -
E.LEUCOXYLON 10097 - - -
E.MARGINATA 6536 - - - -
E.POLPULNEA 8363 - - - -
E.RESINIFERA 10962 - - -
E.DREPANOPHYLLA 11412 -
E.MELANOFHLOIA 9723 - -
E.SALUBRIS 6511 - - - -
E.MELLIODORA 11827 - - -
@E. DREFANOPHYLLA 8206 -
E.LEUCOXYLON 1009C - - -
E.LARGIFLORENS B64E - -
E. TROZETIANA 11032 - - -
€.ALBENS 10637 =~ - - - -

mmMmmMmMMmmAmnmen

m

E.CREBRA 11958 - - - - -
E.LARGIFLORENS 1067C =~ -
E.KONDININENSIS 6526 - -
E.MELANOPHLOIA 10998 - -
E.MELLIODORA 11860 - - -
€.0DORATA 6073 - - - - -
E.LOXOPHLEBA 6526 - - -
E.PLATYPUS 6520 ~ - - -
E.LEHMANNII 6519 - - - -
E.POPULNEA 11733 - - - -
E.MICROCARPA 8758 - - -
E.CALOPHYLLA 6524 - - -
E. INTERTEXTA 11736 - - -
E. INTERTEXTA 11330 - - -
E.POPULNER 11703 - - - -
E.CLELANDII 6131 - - - -
E.LARGIFLORENS 11974 - -
E.OCHROPHLOIA 8584 - - -
E.POPULNER 9714 - - - -
E.LONGICORNIS 6518 =~ - -
E. TRANSCONT INENTALIS 6128
E.OCHROPHLOIA 11633

E.OCHROPHLOIA 11731 - -
E.POPULNEA 9556 - - - -
E.MARGINATA 6536 - —#sx#
E.GRIFFITHSII 6512 - - -
E.OLEOSA 6513 - - - - -
E.LEUCOXYLON 9602 - - -
E.POPULNER 8658 - - - -
E.WOOLLSIANA 12105 =~ - -
E.OCHROPHLOIA 8583 - - -
E.TOROUATA 6129 - - - -
E.STRICKLANDII 6132 - -
E.SALMONOPHLOIA 6514 - -
E. BROCKWAYI 6507 =- - - -
E.CALYCOGONA 6145 - - -
E.DUNDRSII 6516 - - - -
E.FLOCKTONIAE 6508 - - -
E.WOODWARDII 6515 - - -
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E.BLOBULUS 6291 -
£. BOTRYOIDES 7509 o o
GLOBULLS 6291 =i e
CLADOCALYX 6470 - - -
.CLADOCALYX 11834 - - -
BOTRYOIDES 12134 - - -
E.CLADOCALYX 11834 —xxx#
BOTRYDIDES 12104 - = =
SALIGNA/BOTRY. 6234 -
CYPELLOCARPA 12390 - -
MACULATA 11181 = —*%##
CLADOCALYX 11834 - - -
.PILULARIS 12136 - - -
£. GOMPHOCEPHALA 6090 #% %%
P.RADIATA = — - —wakx

. MACRORHYNCHA 12630 - -
E.CALOPHYLLA 6336  —x#xx
P.PINASTER - - — —##*%
E
3

OCCIDENTALIS 6542 w#x
. BOMPHOCEPHALA 6090 ~- -
RADIATA - ~ - =~ - — =
RUBIDA 12089 - - - - -
.HUBERANA 7248 =~ - - —
LULARIS 12158 - - -
RESINIFERA 10431 - - -
MACULATA 4817 - - - -
E. VIMINALIS 8911 - - - -
£.MACULATA 11965 - - - -
£.CYPELLOCARPA 9440 - -
£. ASTRINGENS 4716  —**x%
E.VIMINALIS 11823 - - -
£.MACULATA 10728 - - - -
E.MACULATA 11181 = - - -
£.BAXTERI 10012 - - - -
E.ASTRINGENS 4716 ~ - -
E.RESINIFERA 11963 - - -
E.RESINIFERA 6011 - - -
E. ROBUSTA 10176 o
E.RUBIDA 12029 - - - - -
E.FALCATA 6438 - - - - -
E.AROMAPHLOIA 11311 - -
OCCIDENTALIS 6542 - -
GARDNERI 6228 - - - -
£.ACCEDENS 6215 - - - =~
£. BAXTERT 12642 - — ~ -

mm

E.ACCEDENS 6215 - - ~ -
VIMINALIS 9320 - - - -
MACRORHYNCHA 11165 - -
CALOPHYLLA 6391 - — -
E.CITRIODORA 11640 - - -
E.LEMMANNII 6367 - - - -
E.MARGINATA 6471 - - - -
E.PANICULATA 11741 - - -

RATING

r 09

E.PANICULATA 11600 - - =
E.PATENS 6138 - - - - -
E.BONIOCALYX 12637 - - -
E.GONIOCALYX 12098 - - -
E. GOMPHOCEPHALA €090 - -
E.VIMINALIS 12400 - — -
E.RESINIFERA 10962 —%wxn#
E.LEUCOXYLON 9598 - - -
E.CITRIODORA 12012 - - -
E.MARGINATA 6471 =~ —*¥*¥
E.MACULATA 11181 - - - -
E.AROMAPHLOIA 12641 - —
E.ACCEDENS €215 - —eEEE
E.CITRIODORA 6240 - — -
E.GONIOCALYX 12643 - - -
E.SIDEROXYLON 11844 wwx¥
P.PINASTER - - - = = — =
E.RESINIFERA 10962 =~ - -
E.CAMALDULENSIS 6966 - -
E.RADIATA 11983 - - - -
E.LEUCOXYLON 9597 - - -
EJBAXTERI 10091 - - - —
E.WANDOO 4886 - - - — -
E.LEUCOXYLON 9602 - - -
E.WANDOD 6218 - — —%x*x
E.CAMALDULENSIS 11910 -
E.WANDOO 6218 - - - - =
E.ROBUSTA 10063 =~ - = —
E.FASCICULOSA 7251 =- - -
E.MARGINATA 6471 =~ = — —
E.GARDNERI -6228 - - -
E.RUDIS 6298 =~ = - - - -
E.DIVES 10064 =- - - - =
E.RADIATA 8525 =- - — - -
E. CAMALDULENSIS 10089 -
E.MACULATA 9448 - - - —
E.CAMALDULENSIS 11910%x#%
E.ALBENS 12632 ~- - - - =
E.LEUCOXYLON 9604 - — —
E.MARGINATA (VARIOUS) -
E.MARGINATA 6229 - - - -
E.POLYANTHEMOS 10730 - -
E.LARGIFLORENS 11912 - -
E.CALOPHYLLA 6366 - - -
E.CITRIODORA 10767 =~ - -
E.CITRIODORA 11640 —#*x%
E.CREBRA 11784 - - — - -
E.CREBRA 12506 - - = - -
E.LOXOPHLEBA 6150 - ~ -
E.LEUCOXYLON 10100 - - -
E.POLYANTHEMOS 11307 =~ -
E.MICROCARPA 12633 - - -
E.LEUCOXYLON 9601 - = =
E.CREBRA 12010 =- — = — —
E.WOOLLSIANA 8831 - - -
E.FLOCKTONIRE 6464 =~ — =
E.WANDOO 6218 - — - - -
E.RADIATA 12631 - - - -
E.CAMALDULENSIS 11340 -
E.ALBENS 8827 - - - — -
E.ODORATA 6703 - - - - -
E.MELLIODORA 11860 —%#%%
E.MICROCARPA 12638 - — -
E.DREPANOPHYLLA 11412 -
E.SIDEROXYLON 11844  — -
£.SARGENTII 6467 -
E.BIDEROXYLON 1ZE3€ - -
E.MELLIODORA 12640 - -

E.KONDININENSIS €203 - -
E.MANNIFERA 12159 - - =
E.LARGIFLORENS 10676 - -
E.DIVES 8417 - - - - —
E.MOLLUCCANA 10154 - - -
E.LAELIAE 6230 - = - = ~
E.MELLIODORA 11860 = - -
E.DECORTICANS 10148  ~ =
E. INTERTEXTA 12470 - — -
E.SPATHULATA 6221 - —
E.MELANOPHLOIA €959 - -
E.PLATYPUS 6004 - - —
E.WOOLLSIANA 12105 - - -
E.CREBRA 8756 - - - - -
E.ALBENS 10457 - - - = =
E.SALUBRIS 6461 - - - =
E. MELANOPHLOIA 10783 -
E.OLEOSA 6462 - — - = -
E£. INTERTEXTA 11630 - - -
E.MICROCARPA 8758 - -
E.LONGICORNIS €463 - -
E.MELANOPHLOIA 9723 - -
E. INTERTEXTA 11736 - -
E.GRIFFITHSII €466 — ~ -
E.MELLIODORA 11827 - = -
E.MICROTHECA 12538 - - -
E. TRANSCONT INENTALIS 6465
E.LARGIFLORENS 12644 ~ =
E.MICROTHECA 11347 - - -
E.OCHROPHLOIA 11731 - -
E£.OCHROPHLOIA 8584 - —
€.MICROTHECA 12497 - -
E. SALMONOPHLOIA 6460 -
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ELET SPECIES SEEDLOT_~ DEFECT
BEGST

90 E.bobtryoides 7503

16 E.globulus G229l
104 E.cladocalyx £470 c
105 E.cladocalyx 11834 &
108 E.botryoildes 12134

839 E.botryoides 12104
129 E.saligna/Zbotryoides 6234
149 E.ocypellocarpa 12590

Eocladocalyx 116834

151 E.pilularis 12136 E

78 E.macvorhynoha 12630

3 E.gomphocephal & £090 G

44 Finus radiata 508&/7
107 E.rubida 12089 =
106 E.huberiana 7248 B
152 E.pilularis 12158 H
156 E.resinifera 10431 B
116 E.maculata 4817

82 E.viminalis gall
115 E.maculata 11965

SYMBOLS = BORER OCCUREENCE NOTED IN FLOT

B
T = TERMITE DCCUREENCE NOTED IN PLOT
C o= CAMBIAL SFLITS NOTED IN FLOT

= GURVIVAL LESS THAaN S04

o
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by GEORGE LOWLAND EESULTS

Detailed Plot by Flot Results — € Field Guide Booklet )

Detailed plot by plot resulte are presented in the booklel
"Heorge Lowland arborvebum ~ & Field Guide and 1985 Per formance Amalysis.

in Attachment &4 (towards the end of this publicationl.

Information within this booklet includes §-

™ Location Map o o« o &« « «Figure Gl-—1
i Flan of Arboretum o « o o Figure GHL-2

e Flot/Provenance Listing « « «Table Gl-1

Flot by plat (sequentiall graphs of @

5 Height « o + & o w & &« w o JFigure Gl-3
e Diameber o o v w o= on v o o kP ilgure Bl
et Pogim « o s » « % = & & e & =F bore GH.=G
= Vigowy « o« 5 & w W ow s ¥ & «Figure BL-&
e SUrvivale « « v w o« s % w ow FLGEre GLET

- r‘:'.c.:lt J— i g " w " n u " o n " " W F‘i gLW' » !:jl-—qa

Flot by Plot listing of

resulbts for all parameters .Table GL-2

Qverview of George Lowland Results

- P - T T AL

& graph of mean rating for each plot fincluding 90%
confidence limits? is presented in figure 3.4, For esase of comparyisin,

plots are presented in order C(from highest to lowest ratingd.
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E. BOTRYDIDES 7509 B
E.DIVERSICOLOR 12636 - -
E.BOTRYOIDES 12104 - - -
E.BOTRYOIDES 12134 - - -
P. RADIATA
S BRALIGNA 6234 ~ - - - =
E.VIMINALIS 11823 LA
E.RESINIFERA 11963 - - -
E.CLADOCALYX 11834 - - -
E.CLADOCALYX 6470 - - -
P.PINASTER - - ~ - = - =
E.MACULATA 11181 - - - =
E. GOMPHOCEPHALA €030 - —
E.ROBUSTA 10176 - - - -
E.GLOBULUS 6291 =- - - -
E.VIMINALIS 8911 - - - —
E. RESINIFERA €011 o
E.RESINIFERA 10431 - - -
E.ASTRINGENS 6253/4716 -~
E.RUBIDA 12089 =~ -~ - - -
E.VIMINALIS 12400 - - -
E.AROMAFHLOIA 11311 - -
E.MACULATA 9448 - - - -
E.AROMAPHLOIA 12641 o |
E. ROBUSTA 10063 N
‘ E.PATENS 6138
E. CLADOCALYX 11834 - - -
E.MACULATA 4817 - - - —
E.PILULARIS 12136/12158
E.GOMPHOCEPHALA 6030 - -
E.BAXTERI 12642 =- - - -
E.FALCATA 6525/6438 - —
E.MARGINATA 6471 - - — —
E.PILULARIS 12136/12158
E.GONIOCALYX 12637 - — -
E.MACULATA 11965 - - — -
E.GARDNERI €228 - — - -
E.VIMINALIS 9320 - - - —
E.CAMALDULENSIS 11910 -
E.CITRIODORA 12012 - - -
E.CAMALDULENSIS 11340 -
E.PANICULATA 11741 - — -
E. LEUCOXYLON. 9600 e i
E.PANICULATA 11600 - - —
E. LEUCOXYLON 9600 il e
E.CAMALDULENSIS 10083 -
E.GONIOCALYX 12038 - - -
E£.MACRORHYNCHR 12630 - =
E.CYPELLOCARPA 12390/9440
E.HUBERANA 7248
E.MACULATA 10728 - - - -
E.MACULATA 10615 - - - -
€. SIDEROXYLON 11844 - —
E.MANNIFERA 12159 i

E.DECORTICANS 10148 s
E.FASCICULOSA 7251 -~ - -
E.OCCIDENTALIE 6459/6542
E.MELANOPHLOIA 10783 - -
E. POLYANTHEMOS 11307 - -
E.MELLIODORA 12640 - - -
E.CYFELLOCARPA 12390/9440
E. MELANOPHLOIA 6959 i
ECRUDTENO2ISEE= e~ e
E.CAMALDULENSIS 11910 o
E. LEUCOXYLON 10100 - - =
E. ACCEDENS 6215 e e
E: CREBRAN12010° =N=-= = =
ESACBENSSIO4R 7R ==l o
E. CAMALDULENSIS 6966 - -
E.LOXOPHLEBAR 6150 =
E.CREERA 12506 - - - - =
E.MELANORPHLOIA 6520 L
E. MOLUCCANA 10154 Aot
E.SPATHULATA 6221 ==
E.CREBRA 11784 - - - - -
E. WANDOO 4886
E.MELLIODORA 11827 - - -
E.MICROCARPA 12638 - - -
E. DIVES B4 TT o=t =
E.KONDININENSIS 6203 - -
E.CITRIODORR 10767 - - -
E.LEUCOXYLON 9602 - g
E. DREPANOPHYLLA 11412 =i
E.CITRIODORA 6240 =
E-LAELIRE 6230 - - = ==
E. POLYANTHEMOS 11829 - -
E. LARGIFLORENS 10676 - -
E.ALBENS 12632 -~ - = = =
E. RESINIFERA 1096z - - -
E.MACRORHYNCHA 11165 - -
E.BAXTERI 10012 = = = =
E.ALBENS 8827
E. INTERTEXTA 11302 - - -
E. SIDEROXYLON - S
E.WANDOO 6218
E.WANDOO 6218
E. MICROCARPA 8758 T = -
E.CALOPHYLLA 6336 o
E.MICROCARPA 12633 - - -
E.DIVES 10064
E.LEUCOXYLON 9597 o~
E.CALOPHYLLA 6391 =
E. RADIATA 11983 Phaetn =
E.MEGACARPA 6451 - - — -
E. BAXTERI 10091° - - - -
E.OLEUSA B4B2
E.LEUCOXYLON 9598 L
E.ODERATA 6703 - - - - -
E. LARGIFLORENS 12644 - -
E.LEUCOXYLON 9604 W
E. WOOLLSIANA 12105 - - -
E.LEUCOXYLON 9601 = o
E. INTERTEXTA 11630 - - -
E.MICROTHECA 12811 - - -
E.GRIFFITHSII 6466 - - -
E. INTERTEXTA 11736 - - -
E. LARGIFLORENS 11912 -~ -

E. INTERTEXTA 12470 - - -
E.MICROTHECA 12497 - - -
E.WOOLLSIANA 8831 P %
E. MARGINATA 6229 - - - =
E.MELLIODORA 11860 - - -
E. SALUBRIS 6461 e

E.CREBRA 8756
E. SALMONOPHLOIA 6460 - -
E.LONGICORNIS €463 - - -
E.SARGENTII 6467 - - - -
E.OCHROPHLOIA 8584 - - -
E. PLATYPUS 6004 O
E.CONFERRUMINATA €367 ]
E.MICROTHECA 12538 - - -
E. TRANSCONTIN. 6465/6128

E. FLOCKTONIAE 6464 - - =~
E.RADIATA 12631 e e
E. OCHROFHLOIA 11731 o

N

RATING

(

1o

)

08’

394039

ANVIMOT



ABLE 5.4 LISTING OF TOF_20 FLOTS_(IN_ORDEE_OF RATING)

ELOT SPECIES SEEDLOT ~ DEFECT
BEST

121 E.botryoides 7503

40 E.diversicolor 12636 B
116 E.botryoides 12104

117 E.botryoides 12134

20 Pinus radiata HOBE6 /7

87 E.saligna/bobtryoides et

29 E.viminalis 11823

118 E.vesini fera 11963 B
11 E.ocladocalyws 11834

80 E.cladocalyx E70

8% Pinus pinaster 5083

114 E.maculata 11181

128 E.gomphocephala 6030

120 E.robusta 10176

127 E.globulus 6291 E
Sl E.viminalis 83911

L2d E.resinifera 5011 B
99 Euaresini fera 10431

63 E.astringens 6253/47 16

42 E.vubida 12089

SYMEROLS = = BORERE OCCURRENCE NOTED IN FLOT
= TERMITE OCZCURRENCE NOTED IN FLOT
= CAMBIAL SPLITS NOTED IN FLOT

= BURVIVAL LESS THAN S0%

0 o -4 w
i
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Detailed plot by plot results are presented in the bookleb

"Ringham River Arbovebum - A Field Guide and 1989 Per formance fnalysis."

in &ttachment 8 (towards the end of this

publicationl.

Information within this booklet includes sz

= Location Map « « « o« w « «Figure BRE-1
= Flan of Arboretum o o« o Figure BR-—2

. Flot/Frovenance Listing o« o «Table BE-1

Flot by plot Cseguentiall graphs of -
i Heigl"]t n " w " o " “ " " ..Flg,ll.,t'l’t:.‘ BF::_:J‘
s Diamebter « o « o w o« o« o wFilgure BEed
= Fizrm o« w »« n o »n w w = = « oFigure BREe-S
i Vigour o« « . oW W vowFigurse BRE-6
e Burviwval. . oW oW ow oa W ow  Fadgide BEST
= FEating « « o o N W W Figurs BRE-8
e Flot by Flot listing of

results for all paramsters .Table BR-Z

Overview of Bingham River Results

tele merna £ e e

& graph of mean vating for each plot Cincluding 95%

confidence limits) is presented in figure 3.59. For ease of comparison,

plots are presented in orvder Cfrom highest to lowest vrabingl.



FIGURE 5°5_ s GRAPH_OF BINGHAM RIVER MEAN PLOT RATING

(PLOTS_RANKED FROM_BEST_TO WORST)




RATING (%)

E.VIMINALIS 11823 =- = = | = = = = = = = = = = = = = - - = i i = ma e e
E.SALIBNA €234 = = == = | = = 5 = «a= == = = = = Rt e SR & FA—
E.BOTRYDIDES 7509 - - = | = = = = = = = = & = = = = = = = = = ST S T AN
E.GLOBULUS 6291 = = = = | = = = = = = = = = = - = = —~ ~ - SEE SRy T o o
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E.CITRIDDORA 11640 - — = | = = = = = = = — - oo a S R O S R e 3
E.AROMAPHLOIA 12641 — = | = = = = == &= & = @im == 2ie =ie = a

E.RADIATA 12631 - = = = | = = = = = = - =g _ i s —
E.GONIDCALYX 12639 - — = | = = = = = = - B R e S B G S s

E.RESINIFERA 6011 ~- — = | = = = = = = — — - - e e S T C R -3

E.DECORTICANS 10148 - - | - - = - = — = — - Soesa ieie Ss wiE Rpeaei . 3

P.PINASTER - - - — - — =il & e B B R . R i)

E.MACULATA 9448 - — - - | = - = = - - - = o T S D . e e =i

E.MACRORHYNCHA 12630 = = | = = = = = = — — — = - - e U eyt 3

E.ROBUSTA 10063 = = = = | = = = = = = = = = = =~ = —~ — - — I S S i 3

E. GOMPHOCEPHALA 6030 - - | = - — — - = 0L o - ey O . 3
E.POLYANTHEMOS 11307 - -
E.CITRIODORA 6240 - - -
E.CAMALDULENSIS 10089 -
E.RADIATA 11983 - — - -
E.SIDEROXYLON 11844 - —
E.RADIATA 8525 - - - - -
P.RADIATA - - - — = — =
E.MANNIFERA 12159 - — -
E.CAMALDULENSIS 6966 ~ -
E.BAXTERI 12642 - — — -
E.CALOPHYLLA 6336 - — -
E. GOMPHOCEPHALA 6030 — -
E.0ODORATA 8120 - — - — -
E. LEUCOXYLON 9597 - - -
E.CITRIODORA 10767 - — -
E. INTERTEXTA 12470 - - -
E.GONIOCALYX 12643 - - -
E. MARGINATA 6471 - - - =
E. PANICULATA 12137 - - -
E.ALBENS 12632 =~ - - - -
E.MACRORHYNCHA 11165 - -
E.MICROTHECA 11347 - — -
E.PANICULATA 11600 - - -
E.RESINIFERA 11963 - - -
E.CITRIODORA 120.2 - - -
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E.MELLIODORA 12640 - - -
E.CREBRA 12010 = - = = =
E. MICROCARFA 12633 - - -
E.MACULATA 10728 - - — =
E.CAMALDULENSIS 11910 -
E.MICROCARPA 8758 - - —
E. CALOPHYLLA 6391 - - -
E.MEGACARFA 6451 - - - -
E. PANICULATA 11741 - — -
E.BAXTERI 10758 - -~ - -
E.ALBENS 8827 - - - - -
E.MICROCARPA 12638
E. MELANOFHLOIA 9723 - -
E.ASTRINGENS 4716 - — -
E.PATENS 6138 - - - - -
E.SIDEROXYLON 12636 - -
E. MACULATA 11965 - - — -
E.MELLIODORA 11827 - - -
E.DIVES 10064 =- - - - -
E.LARGIFLORENS 11312 - -
E.CLADOCALYX 11834 - - -
E.ROBUSTA 10176 - = — —
E.LARGIFLORENS 10676 - -
E.CAMALDULENSIS 11340 -
E. INTERTEXTA 11630 - - -
E.FALCATA 6438 - - - - —
E. OCCIDENTALIS 6459 - -
E. BAXTERI 10012 - - - -
E.MELANOPHLOIA 6953 - -
E.GARDNERI €228 - - - -
E. KONDININENSIS 6203 - -
E.ACCEDENS 6215 - - - -
E. WOOLLS1ANA 8831 - - =
E.ALBENS 10457 - - - - -
E.DREFPANOPHYLLA 11412 -
E.WOOLLSIANA 12105 - — -
E.PLATYPUS 6004 - ==
E.CREBRA 11784 - - - — =
E. LARGIFLORENS 12644 - -
E.CREBRA 8756 - - - - —
E.MELLIODORA 11860 - - -
E.DIVES 8417 =~ - = = - -
E. INTERTEXTA 11736 - - -
E.SERGENTII 6467 - - — -
E. WANDOD 4886 - - — — -
E.OLEOSA 6462 - - - - =
E. FLOCKTONIAE 6464 - = =
E.WANDOO 6218 - - - - -
E.LAELIAE 6230 - - - — =
E.RUDIS 6295 - - - - = =
E.LONGICORNIS 8463 - - = | = = = = = =[==——@———=]
E.MICROTHECA 12538 - — = | = = = = =[==———g-—===]
E. SPATHULATA €221 - - =

E.GRIFFITHSI] 6466 - - —

E. WANDDO 6218 - - - — -

E.DCHROPHLDIA 8584 - - -

E. SALMONOPHLOIA 6460 - -

E.SALUBRIS G461 - - - -

E.MICROTHECA 12437 - - -

E.LOXOPHLEBA 6150 - - -

E.OCHROPHLOIA 11731 - -

E.CONFERRUMINATA 6367 -

E.CREBRA 12056 - - - - — |
E.MARGINATA 6229 - - - - .
E. MARGINATA 6471 - - - -
E. TRANSCONTINENTALIS 646D

- ———-1




TaBLE 9.9 . LISTING OF TOF 20 FLOTS CIN QEDER _OF EATINGI
FLOT SPECIES SEEDLOT_ DEFECT
BE ST
94 E.viminalis 11823 E ‘
S E.saligna/botryoides et B Z
32 E.botryoides 7509
& E.globuluos g
79 E.viminalis 12400
82 E.huberiana 7248 (S
104 E.maculata 11181 £
L& E.rubida 120z C
88 E.maculata 4817 C 8
80 E.sideroxylon 10239 B
121 E.cladocalyws st 70
Sl E.aromaphloda 11311 B £
123 E.cladocalysx 11834
G Euorubida 12089 B
34 E.botryoides 12134 I
93 E.viminalis D320 B
14 E.viminalis 8911 C
73 E.goniocalyws Laed
28 E.botryoides La104 2 10
S E.goniocalyx 12098

SYMEOLS

us]
i

BORER OCCURRENCE NOTED IN PLOT
TEEMITE OCCURRENCE NOTED IN PLOT

if

431
i

SURVIVAL LESS THAN 50%
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6.1 COMPARING ARBORETA

Le Overall Growth Ferformance

Tree helight is generally accepted as the best indicator of
site guality (or forest production potential) for established forests
(Rarvon 19682, A "Rating" value is likely to be more robust for sstimating
the site guality under a young stand as it reflects a combination of bobh
Lorg term theight, diameter, bole formd) and short term (orown vigour, leaf

area, crown forml expressions of the site/tres interaction.

Figure G.l presents class freguency distributions of rating
and height for each of the five arboreta. Because the number of plots
varies from arboretum to arboretum, frequency of plots in each olass has
beesn sxpressed as a percentage of the total numbsr of plots 1o each

ar borastum.

Comparing the two graphs of rating and height, it can be
seen  that they corvespond closely, even though tree height accounted for
ontly 254 of the input into the "Ratings". The "ratings" figures used here
Emhtain a 28%4 contribotion from "form", and 28% from diameter, both of
which would seem less likely to be correlated with site quality than
height and vigour. This would indicate that rating could be further
improved as an indicator of site guality by a more selective weighting of

the four factors used C(ht,dbh, form,vigowrd.

As brees grow, their helght and diameter increment push them
into ever higher size tand hence rating? classes. Mence, if all arborebum
sibes were equally amenable to tvee growth, the normal freguenocy curwve for
older arboreta would simply ooocur to the vight of curves for younger

arbhoreta.

In the current study, Del Park and Marrinup are the twao
oldest arboreta, being two and one vears (respectively) older than ths
obher three. Whilst Del Park displays a freguency curve typical of an

cmlder arboretum, the curve for Marvinup corvesponds very closely to those
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for Georgs Upland and Lowland arborveta. (This is dmuhly Qurpfiﬁiﬂg S e
pot only ié)Marrinuﬁ{ane Vear nld@r(}haﬂ Bhe Eeorge é%E&%eté, but it ala@
Pies in oan area of much higher vainfall. It is concluded that Marvinup?s
suppressed per formance is indicative of a poorer site guality than thalt of
Tl yuungeﬁ;;rbur&ta. It is suggested that the widespread presence of
Fhytophthora oinnamomni Cdieback fungusl, the shallow and owbovopplng
caprock and the ocowrences of black drvonstone gravels of low fertility may

Fave each contributed to bthis poor site guality ab Marvinup.

Conmverasely, the freguency ocurve for Bingham River
corresponds more closely with that of Del Fark tham George o Marvinup

arboreta, desplite the faoct that Bingham Eiver is an area of relabively Low

vrainfall., This enhanced per formance was) attributable partly to the
presence of a shallow waber table, aﬂd{partly =] thé;high@r(;ev&l i f

pibrition achieved theough its history of pasture improv&memtj Qﬂ"

] G

' ’ [':.

Hemnoe, in terms of site gquality, the arboreta can be vanked

as follows (table . l)s

Table 6.1 Eelative Site Ouality 0f Arboreta

Highest site guality 1 Bingham RBiver

\EHeorge Uplana

2% 3
Gieorge Lowlanc
Lowest sibe gqual ity o Maor v i nup

The site quality of Del Park_avbmretum cannot e compared
with the above because (its higher olass-fregquency distribubtion may (or may

neat? be entively due to age difference.
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B.2  SHATTERING CAPROCE WITH EXPLOSIVES.

B - T W AR RN~ O~ el SR S~ WS B B oo

Figure €.3 compares mean plot vating of shattered and unshattered
treatments for a total of 26 paived plats in Marvinuwp and George
arboreta. In the presence of shattering, 18 plots exhibited a
statistically significant improvemant in oane or more of the primary
measur ement parameters thesight, diameter, TfTorm, vigouwr, vating?. 15 plots
showed no significant change in the presence of the shattering btreatment.
The remaining three plots exhibited significantly poorer diameter on the
shattered plobts. Diameter was the only paramebter to show a signid ficant

decrease in the presence of shatbtering.



/\ RATINGS (%)

% moonN >
S 823282 & o w o© o 8 &
z 5 3 S8 o o o o o o o
SPECIES S/LOT g E I L : I I !
E.resinifera 10962 MA LI 4 L
E.robusta 11029 MA o o e frouscia <= g ]
E.leucoxylon 9602 MA * & & o o _
E.calophylla 6336 GU e © o o o _ )
E.sideroxylon 11844 GU e o o ° _— -
E.calophylla 6336 MA e o L _ §
P.pinaster 5083  GU b e _ =
E.maculata 11181 GU . . o _ %
E.botryoides 7340  MA ® -_ =
E.cladocalyx 11834 MA — i m;::
E.wandoo 6532 MA * o o Ly | =
E.globulus 6291 GU ® ——_ 2l e 2
E.laeliae 6534 MA s Jahind o - é. é.
E.occidentalis 6542 GU . sy o o
E.kondininensis 6528 MA » - % %
E.crebra 11958 MA Jreser 0
E.cladocalyx 11834 GU o Rl g 2
E.melliodora 11860 MA | S S
E.gomphocephalla 6090 GU ° s o
E.accedens 6537 MA h g g
P.radiata 5086/7 GU o ] g %
E.gardneri 6527 MA - -
E.maculata 11181 MA o] s =
E.resinifera 10962 GU h z‘_ E,
E.falcata 6525 MA || " P
E.melliodora 11860 GU o] E
E.occidentalis 6510 MA > m 4
E.astringens 4716  GU .' -
E.citriodora 11640 GU x
E.wandoo 6218 GU e o
E.marginata 6471 GU
E.camaldulensis 11910 GU -
E.gomphocephalla 6090 MA -
E.accedens 6215 GU i |
E.marginata 6536 MA -
E.citriodora 11640 GU > —
== |

KEY:

parameter significantly better (.05 level) on shattered site.

parameter significantly worse (.05 level) on shattered site.
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6.3 SPECIES OF INTEREST FOR_REHABILITATION

e B e e et =

In terms of the current study, species of intsrest for

rehabilitation purposes fall into three categories -

1y Gpecies which are curvrently used for vehabilitation,

ar Bpecies whioch have been shown by this study to haves
high growth performance tand may be better  for
rehabilitation in the high rainfall zone than those in

category 13, and

3 Species which have been found in other studies to be high
wabtaer consumers (and hence contenders for rehabilitabtion

of the intermediate and low rainfall zones).

This section analyses the per formance of three szamples

from  each of the above cabtegories

EXAMPLE 1 E.maculata (current vehab. species)

Figure 6.4 tabulates a comparison of the ratings of
provenarnces within each arborvetum. It also presents a graph of vating for
the best provenance (excluding plots on esxplosives-shattered sites) within

aach arbovetum.

In only two instances was statistically significant .08
level) variation detected between the performance rating of different

provenances of E.maculatas-

In the Geovrge Upland arboretum, the vating of the Fioloa State
Forest provenance (9448) was significantly lower than that of any

obher provenance.



RATINGS (2)

FIGURE 6.4

An_énalysis Of E.maculata Per formance
60 4 = T
50+ ¢
[ ]
y
[+o]
40 - o
30 - o
o
o —
- 2o}
™~ —
ey —
g =
20 4 ; %
Best Frovenance 1n Each
| Arboretum
10 4
DEL PARK MARRINUP GEORGE UPLAND |GEORGE LOWLAND | BINGHAM RIVER
PROV. RATING PROV. RATING PROV. RATING PROV. RATING PROV. RATING
—_—— 49.5 10865 47.6| 4817 11181 36.5] 11181 51.9
11181 45.1] 11965 9448  32.1 4817 49.8
12135 40.5| 10728 4817  31.1 9448 49.8
10846 38.5| 11181 11965 28.5| 10728 34.0
11005 38.3| 9448 10728 25.7| 11965 30.0
11965 36.0 10615  24.
10728  34.1
9580  33.7
11240 33.0 = not significantly
9461  28.8] different (.05 level)

KEY TO PROVENANCES

SEEDLOT

4817
9448
9461
9580
10615
10728
10846
10865
11005
11181
11240
11965
12135

PROVENANCE DETAILS

Plantation, Kirrup W.A.
Kloloa S.F. N.S.W.
Belmore S.F. N.S.W.
Kempsey N.S.W.
Raymond Terrace,
Beaufort Vic.
Clouds Ck S.F. N.S.W.
Barakula S.F. Qld.
Gundlsh Qld

Hunter Valley N.S.W.
Richmond Range N.S.W.
Coffs Harbour N.S.W.
Termeil N.S.W.

N.S.W.

(origin unknown)

ala Gty MALATLAT By
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At Bingham FEiver, vating of the Coffs Harbowr provenance (119655
was significantly lower than bthat than that for the Hunter Malley

prooverance CLLLIBLY.

The Hunter VMalley provenance of E.maculata (111812 displayed
the most consistent performance bDetween arboreta (figure &.4). It had the
hi ghest mean vating in George Lowland and Binghawm River arboveta and was
not signid ficantly different (W05 levelld from the best provenances in
Marvinup and George Uplanmd. It also displayved the bhighest mean height of

any provenances in all four arboreta.

Suryival

Survival of E.maculata at Bingham River was well below
average for all plots except that containing the Hunter Valley provenance
tfigure BR-7 in Attachment 2. These and indeed all results pevtaining to
sbem damage and survival at Bingham River must be breated with caubion, as

it is quite possible that these have been Influenced by the wildfire which

(ﬁurnt through Bingham River) in 1979.

Stem Defect

Borers were found in the Coffs Harbowr provenance (11965) of
E.maculata at Bingham Eiver. Throughout all arboreta this was the only
plot of E.maculata in which borers were found CAppendix Z2).46gain it must
be noted that the damage of stems by fire may assist the entry of borers

into the hree.
Mo evidence of termites was found.

With the exception of fow plots, all plots of E.maculata at
Bingham River and Marvinup contained some degree of stem splitting. The
exceptions wers 10728 (Reufort, Vic. provenanceld at Bingham River, the
blasbted caprock plot of 11181 (Hunter VYalley, M.8G.W. provenancel at
Marrinup, and the Coffs Harbowr provenance (112853 at both arboretas No

evidernce of stem defect was found in E.maculata at feorge WUpland. Only one



plot of E.maculata at George Lowland suffered stem defect. This was 10618
(Raymond Tervace, N.S.W. provenancel in which some stem splitting was

reoorded.

Gensral Comuents On Performances §-

Like many othey species in this study, E.maculata displayed

significantly better performance (ratingl at Bingham River than at George
Upland or Lowland (figure 6.2,

EXAMPLE Esresinifera tourvent rvehab., species)

P-i
P

Comparison of Provenances @
For E.resind fera, performance rating did not vary
gigni ficantly between the different provenances in GHeorge Upland or

Bingham River arboreba.

In botih the Marvinup and GSeorge Lowland arboveta, provenance
103962 (South Helenvale Bld.? exhibited the worst performance (significant

at the .05 levelld (figure &.351.

The Mendowie S5.F. (N.E.W. 3 provenance of E.resinifera

CL1563) displayed the most oonsistant performance between arboreta.

Aosimilar separation of the provenances 15 oblbtained when
height is the parameter wused for comparison (figuwres MA-3, GU-E, GHL-8 and

BR-3 in attachments).

At George Upland, 11320% (Beerwah BLd.)d displayed a survival
wf BE% 0 Céppendix 2. This was 18% lower than the average for all
E.vresini fera plots. Elsewhere suwrvival percentages for Ejiresinifera were

relatively high.
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11011 43.3] 11963 32.4 6011 34.0 11963 34.5
11209 37.1]] 6011 32.2 10431 33,1

10113 32.2|f10962 24.6 10962 19.4]

10431 28,

10962 19.2

44.2 11963  45.7] 10431  34.4] 11963 42.7] 6011 43.%]

Not significantly dlifferent (.05 level)

L
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KEY TO P N
SEEDLOT PROVENANCE DETAILS

6011
10113
10431
10962
11011
11209
11963

Gleneagle Arboretum (origin unknown)
Woolgoolga N.S.W.

Woolgoolga N.S.W.

South Helenvale Qld.

S.W. Ingham Qld.

Beerwah Qld.

Medowie S.F. N.S.W.

Fw 68 Resican



Stem Defeclt

Eoresind fera suffered some of the worst incidences of Dhorer
damage of any species in this study. Details of plobts suffering defect
damags are as Tollowss -

Deal Fark - barers

Marrimup = borers in 11011,11209, 10962 termites in 10431.

George Upland -~ borvers in 10431,6011.

George Lowland - bovers im L1963, 8001, 10431, 10962 (ie all plots?

Bingham River - borers in 6001, borers and termites in 11283,

Unlike many obher species in this study, E.resinifera oid
not exhibit enhanced performance at Bingham Fiver. Overall growth is

never bhel sss gquite good, with an average vating Cover all plobtsd of 33074

The high level of ooocwrrence of borers at all locabtions and
accross a broad range of provenances casts doubt on the suitability of

this species for rehabilitation in the Northern Jarvah Forest.

EXAMPLE 3 @ E.accedens Cowrrerntly minoy rebhab spesies)

Domparison _of Provenances

E.acocedens was represented by btwo provenances ab Mavvinug

arboretum and only one provenarnce at the obther fouwr arboreta (Figure B.60.

Surviwval @

SBurvival of E.accedens was high (greater bthan 8OU)Y in all

arboreta except Bingham River where survival was S6%4U .
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aAn_Analysis Of E.accedens Per formance
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Best Provenance in Each
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6215

6215
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6215 b—

DEL PARK MARRINUP IGEDRGE UPLAND | GEORGE LOWLAND lBIHGHhH RIVER'
PROV. RATING PROV. RATING PROV. RATING PROV. RATING PROV. RATING

el o 32.7 6215 27.0 | 6215 30.7 6215 22.0 6215 25.4
6537 22.1

J = Not significantly different (.05 level)

KEY TO PROVENANCES

SEEDLOT PROVENANCE DETAILS

6215 Narrogin W.A.
6537 Dryandra S.F. W.A.
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Stem Defect &

SIS e B srmes b S0 e sares st e st

Stem splits were found in all except Del FPark arboretum.
Borers were found in Del Park arboretum. Termites were Tound in stbeams in

both Del Park and George Upland Arboreta.

Gieneral Comments On Per formance i

In George Upland E,accedens displayed significantly better
arowkbh per formance than in George Lowland. Although this was the oanly
signi ficant separation of arboreta, 1t is interesting to note that the
per formance in Bingham River arboretum was variable, showing twice the
rangs of that in George Upland., This would suggest that E.accedens prefers
drier;, upland locations, and may be a useful speciss for the future
relabilitation of mined areas in the intermediate rainfall (esasternl area
as well as the harsh, upland dieback-degraded arveas in both MHigh and
intermediate rainfall arveas which have proven so inhospitable for tree

arowkbh to date.

EXAMPLE 4 E.globulus  (good per formance - current study?

Lowmparison of Frovenances @
E.globulus was represented by only one provenance at four of
the arboreta (Figure &.77.

Surviwval s

Like E.accedens, E.globulus had survival greater than B80O% ir
all arboreta except Bingham River where survival dropped to 5374 for
E.globulus. Stewm damage by wildfive may have been to some degree
responsible for this low survival.

Stem Defect :

Evidenze of borers was found at Del FPark and Bingham FHiver
arboreta. There was also a low ooccurvence of stem splitting at Del Fark.

General Domments On Per formance s

E.globulus displayed impressive per formance with one plot at
Bingham REiver with a vating of 59% and an average over all arboreta of
43,74 (Figure 6£.7). Like many species, its worst per formance was at GHeorge
Lowland.
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FIGURE &.7
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KEY TO PROVENANCES
SEEDLOT  PROVENANCE DETAILS

6291

Tasmania (exact location unknown).

34.8

6291 59.0
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Despite its cool,wet schlevophyl orvigins, this species
appears to be guite adaptable. On one of the most harsh sites (George

Uplandl it averaged a vatbting of S5E.8%.

EXOMPLE & & Eebotryoides (good performance — curvent study?

Lomparison of Provenances @

There was no significant difference between the vatings of
provemnances within sach arboretum. Figure &.8 highlights the consistancy of
high per formance for E.botryoides both bstwsen provenances and between

arboreta.

Survival i

Survival was consistently good, vanging from 704 o 287
Cappendi=x Z2.
Stem Defect

Evidence of borers was found at Del Fark €(in a drainage
sump? and Bingham River. &ll plots at Bindham Fiver had some degree of
infestation, however this may have been aided to some degree by stem damage
resulting from the wildfirve mentioned in the introduction.. Mo evidence of

borers,termites or stem splits was found at the other arboreta.

e

aneral Comments On Performance o

E.bobtryoides displayed both inpressive and consistent
per formance. GHrowth performance in Marrvinup, Bingham River and both SGeorge
arboreta could not be separated (Figure &.8). Unlike the majovity of
species (both the faster and slower growing species), E.botryoides did not

suffer any depression in performance in either of the George arboreta.
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12134 47.1 12104 48.4| 12134 48.3

7509 55.3] 7509 53.3] 7509 59.5 |
12134 46.8

12104 45.6 12104 46.1

]= Not significantly different (.05 level)

- 33.3 7340 49.5
12104 48.6
7509 48.3
12134 47 .8
KEY TO PROVENANCES
SEEDLOT  PROVENANCE DETAILS
7340 Orbost Vic.
7509 Bodalla N.S.W.

12104 W. Orbost Vic.

12134 Meeroo Pt.

N.S.W.
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At this stage (it is still very young), E.botrycides appears
to be one of the more promising species, although it wouwld appear to be

better left out of water-ponding areas to avoid problems with borers.

EXAMPLE & & E.viminalis Cgood per formance ~ current study?

Comparison_of Provenanzes o

Ah George Lowland the overall performance vabtings of Swo
provenances, LIBEE (Eildon, Vioc.) and 8911 (Roocky River HS.A.) were
signi ficantly higher than the corvesponding vatings for 12400 (Blue Range,
Vic.d and 9820 (B8.W. Port Lincoln 8.400 - Figure &.%92. At Bingham Biwver,
11823 (Eildon,Vic.? showed significantly better performance than either
provenance S320 (FPort Lincoln 8.48.0 or B211 (Boocky River B.Al.There was no
signil ficant difference between provenances at Geovrge Upland. E. viminalis

was nob dncluded in the Del Park or Marrvinup arboreta.

Eildon (Mictorial) appears to be the bhest provenance overall,

while Blue RBange (also Vicboriad) appears to be one of the worst.

Survival

Survival was good in both SGeorge arboreta, rvanging feom 82
to 94% . Burvival at Bingham REiver was variable {ranging betwesn 63 and 92
Are This variabion may have been due to the wildfirve which burmt threough

Bingham River arboretum some years ago (see inbroduction .

Evidence of borers was found in 2 plots at Bingham River.
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An_Analysis Of E.viminalis Per formance
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Best Provenance in Each

8911 33.9 11823 44.4 11823
11823 33.2 8911 34.3 12400
9320 28.9 12400 32.57] 9320
12400 25.9 9320 28.1 8911

]= Not significantly different (.

KEY TO PROVENANCES
SEEDLOT  PROVENANCE DETAILS

8911 Rocky River S.A.

9320 S.W. Port Lincoln S.A.
11823 Eildon Vic.

12400 Blue Range Vic.

Fa bty Viwmdin

DEL PARK [ MARRINUP | GEORGE UPLAND | GEORGE LOWLAND r;IHGHAH RIVERI

RATING

64.0
58.7
47.9
47 .4

05 level)



The two plots with borers (L1825 and 9E203 also happen to have the worst
survival figures. This would indicate the possibility that stem damage by
wildfire assisted the entry of boavrers into the tree. The other two plots at
Birngham River contained bark splits.

General Comments On Ferformance @

2D i anre s s £

While the performance of E.viminalis at George Upland is by
M means pooy, the distinct separation between per formance in Heorge Upl and
and Binghanm REiver (Figure 6092, and to a lesser exbent feorge Lowland and
Bingham FEiver, would suggest that the provenances of E.viminalis studied

hevre would tend to prefer the more fertile and moist low-lying areas.

I L e e e SR T e RIS pmiap wsen dmtee sl e wiois s Shae) nimse

Although separation of the arboreta on the basis of rating
was gquite distinet Figuwres E.103, provenances within each arboretum did not
di ffer sigaificantly for any of the parameters megasured for tree
per formansée.

Suryvival

One plot at feorge Upland (12628 - Tooborac, Vicl had
relatively poor survival (58%X. All ather plots of E.microcarpa throughout
all arboreta showed good survival, bhe absolubte mean survival for the

species being 84% .

Stemn Defect

o e e e g T e s e o i

(1]

Evidence of borers was found in one plot (12638 - Toobovac,
Vic.d in Bingham River (Appendix 2i. The presence of stem splits was also

mabed in this plat.
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KEY TO QVENANCES
SEEDLOT PROVENANCE DETAILS
8758 Parkes N.S.W.

12633 Heathcote Vic.
12638 Tooborac Vic.
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The plot with provenance 8758 (FParkes, MJB.W.) suffered boath

wapwond damage by termites and sbtem splits.

Stem splits were also vecorded in plots L1788 (Marvinup?,
12638 (heorge Upland? and 126335 (Bingham Riverl. The separation betwsen
performance in Geovge Upland and Bingham REiver (Figure 6.103, and to a
lesser extent George Lowland and Bingham River, would suggest that the
provenances of E.viminalis studied here would tend to prefer the more

fertile and molst low-lying areas.

General Comments On Ferformance

The reputation which E.microcarpa has for branspirvation and
wWwater consunpbion originates from studies conduwcted at Bingham Riwver
arboretum. Figure &.100 shows that bthe growth per formance of E.microcarpa
i the George arboreta was substantially less than that in in the Bingham
RBiver arboretun. Transpivation studies should be repeated in the Heorges
arboreta to ensure that the tramspirative ability of this species doss nmot

drop correspondingl y.

EXOMPLE 8 @ E.mideronylon Cgood hyderological gualities)

Lomparison of Frovenances s

The graph of best rating perfovrmance in each arborvetum for
E.siderosylon (Figure 6,113 closely followed that for E.microcarpa (Filgure
E. 103 . The per formance rating for E.sideroxylon was significantly bebter in
Bingham Eiver than in George Upland. The performance of provenances within
each arboretum oid ot dil Tfer signd ficantly.

It was not possible to make any recommendations as to which

i
subspecies Cbhricarpa or siderowxylon? was best.
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11844 28.9 | 12636 15.7 12636 18.5_] 11844 39.3

] = Not significantly different (.05 level)

KEY TO PROVENANCES
SEEDLOT PROVENANCE DETAILS
11844 (ssp siderox.) Gllgandra N.S.W.
12001 (ssp siderox.) Inglewood Qld.
12017 (ssp siderox.) Goonoo S.F., N.Dubbo N.S.W.
12636 (ssp trlcarpa) W. Puckapunyal Vic.

Pre G-I Svdleor, fpin



Burwvival was quite variable within and between arboreta and
provenances (Appeandix 2). For example provenance 12636 (subspecies
tricarpa, Fuckapunyal Vic.) had a survival rate of 644 in Seorge Upland,

WA in Heorge Lowland and S674 at Bingham REiver.

Stem Defect &

Evidence of borers was found in only one plob o109
—gubspecies tricarpa, W.Cann Biver, Vic.? in Bingham River. This was bhe
arly drncidence of defsot observed.

Genecal Domments On Performance

The overall performance rabings for BEosideroxylion hendecd to
e betbter than for E.microcarpa, however the survival of E.siderowylon was
far more erratic. a&s stated for Eumicrocarpa, tréﬂspiratiun studies should
be repsated in the George arboreta to ensure that the transpivative ability

of this species does not decrease with poorer growth performance.

EXAMPLE 3 » E.melliodora fgood hydrological gual itiesd

Comparison of Provenances

A comparison of performance ratings between arborveta for
E.melliodora (figure £.12) closely followed that for the two previous

hydrological ly useful species.

The only significant separation of provenances ooourred at
Bingham Eiver where the E.melliodora from Beaufort, Victoria (126400
dismpl ayed significantly better periformance (rating?) to the provenance Traom

Fambah, A.C.T. (118602,

Survival =

S AT e e sote s e



FIGURE 6,12
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SEEDLOT  BROVENANCE DETAILS

E. Armidale N.S.W.
Tenterfield N.S.W.
Castlereagh River N.S.W.
E. Trangle N.S.W.
Kambah A.C.T.
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Survival figures for Marrinup, George Lowland and Bingham
fiver were guite acceptable {éppendix 2. In George Upland however, Gths
survival figures for LIBEQ (Rambah, A.2.T.0 and 11827 (Trangie, M.B.W.2
werse G744 and 464 respectively..

Skem Defect

Evidence of borers was found in one plot (11827 -~ subspecies
riosea, Trangie, Mi8.W.? in George Lowland. Stem gplits were present in
Bi ngham Fiver arbovetum CLIBED — Hambah, &.0.7T.30.0 Stem defects were not

shserved in any other plots.

General Commenbts On Ferformance o

The overall growbh performance of Eomelliodoras ol lowed that
of the previous tws hydrological species closely. The pooy survival figures
foor George Upland are disturbing and reguire further investigation. The
matter of survival is especially important for these species which are
chosen for thelr water consumption ability o Should & large percentage of
trees die at some stage, the transpirvation of that stand of trees would be

vastly reduced for some time.

SOME PERSPECTIVE. . w..x»..ANMY IDEAS?
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