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ABSTRACT

A study was undertaken of the biomass composition of ten eucalypt species growing on five sites in the
timber growing regions of southeastern Mpumalanga. The species comprised E. deanei, E. dunnii,
E. elata, E. fastigata. E. grandis, E. macarthurii, E. nitens, E. saligna, E. smithii and E. viminalis.
The average tree height was 19.3 m and dbh 15.9, with stocking at 1494 stems/ha and merchantable
yield at 153 t/ha. The sites had been established under commercial conditions seven years earlier as a
series of identical site-species trials, and differed widely with respect to air temperature and effective
precipitation. The soils were derived from granite, aﬁd either shallow and rocky (Glenrosa form) or
deep and friable (Inanda forms). Sample trees were felled at the height of summer, separated into the
biomass components of leaves, branches, on-tree dead matter, bole bark and bole wood, and weighed
for fresh mass. Sub-samples were taken of each component for laboratory determinations of moisture

and nutrient content, as well as bole wood density.

Statistical analysis of the results show significant differences between species and sites as well as site-
species interactions for the tree mass of biomass components, and nutrient composition and water
content. While overall E. smithii and E. dunnii produces the largest biomass, there are strong site
interactions due to the varying degrees of site specificity required by different species. The proportions
of the different biomass components differ between species and across sites, with the bole mass fraction
incneasing as growth rate improves. Biomass moisture is highest in bark and leaves, especially for the
Viminales species group of the genus Symphyomyrtus. This group also has the highest wood density,
while density within the stem is remarkably uniform for most species. Density generally increases with
tree vigour. Nutrient concentrations are greatest in leaf and bark. and least in bole wood, and are
strongly influenced by soil nutrient status. There are considerable differences between species, with
the subgenus Monocalyptus showing generally the lowest values. Models are developed to estimate

biomass components from tree mensurational parameters and their nutrient content from soil variables.

Nutrient budgets are developed on an equivalent tree mass basis to estimate the quantity of nutrients
required to grow biomass. Nutrient quotients of the biomass produced per unit of nutrient are
calculated to compare the éfﬁcacy with which biomass is produced per species, and comparisons made
for average growing conditions across the study region. While the most economical subgenus is
Monocalyptus, the most efficient of current commercial species is E. smithii, followed by E. nitens, .
E. macarthurii, E. grandis and E. dunnii. Nutrient export during harvesting exceeds natural inputs,
is exacerbated by 60% on average when retaining bark on logs, and more than doubled if slash is burnt.

Further research is required into estimating soil reserves and extending the study to other site types.

Herbert, 2003 i
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1. INTRODUCTION

1. INTRODUCTION

Since the late 1970's, there has been a sharp increase in the global demand for hardwoods, especially
Eucalyptus species. Fore_st management have been able to significantly boost yields through using
intensive silvicultural technigues of site preparation, fertilizing at planting, weed control and short
rotations (Schonau, 1984). Extensive and traditional forestry practices (viz long rotation selection
cutting) have in effect been replaced with plantation tree cropping. In order to satisfy timber processing
requirements, afforestation in South Africa has had to extend over a wide range of climatic and edaphic
site conditions (Herbert, 1993). This in turn has necessitated the employment of a number of diverse

eucalypt species in achieving optimum site-species matching (Schénau and Purnell, 1987).

_ Considerable research has gone mto site and specles matching in South Africa, with sites generally
being classified in terms of their sonls topography, climate, and/or other factors influencing plant-~
available soil water (Grey, 1983; Schonau, 1988; Herbert, 1993; Louw, 1995). Due to the strong
seasonality and drought-prone nature of the climate, and the necessity to confine forestry to those areas
where precipitation is sufficiently and consistently high, sites are often selected for fast-growing and
demanding eucalypts on the basis of soils being able to offset these limitations (Schdnau and
Fitzpatrick, 1981; Herbert, 2000). Consequently, the soils chosen tend to be deep, well-drained and
apedal, with the accent on high soil water storage capacity, as determined by texture and effective
rooting depth (ERD). Such soils are invariably highly acidic, dystrophic and strongly dependant on
their topsoil for fertility, especially nitrogen (Lowe, 1997).

There are, in addition, some particular areas of concern. Site-genotype matching is judged almost
solely in terms of timber yield, and without sufficient consideration of the most efficient and effective
use of the site’s natural resources. As the pressure on production costs increases, the possibility of
utilising side branches and stem bark for chipping and/or as bio-energy and heating resources becomes
increasingly attractive. However, the impacts on the site of high-yielding short rotations are not well
documented nor understood in South Africa, and there is a need to provide benchmarks as to the

nutritional budgets contained in biomass, and estimate the potential impacts of harvesting on site

resources for the local timber industry. Such information will remove some of the existing uncertainty .

over the feasibility of improving and even maintaining soil fertility, and thereby ultimately securing

sustainable timber yield.

Herbert, 2003 Page |

=T g N



1. INTRODUCTION

Accordingly, there is an important need to investigate site nutrient budgeting as affected by
species/genotype, site conditions and harvesting practices, particularly for commercial short-rotation
eucalypts. Strategies need to be developed to optimise the use of the site’s nutrient resources, reanage
harvesting slash, make best use of natural nutritional resources and ensure a favourable balance
between inputs and outputs. One of the ways of achieving this is to provide data on the size and
nutrient content of the above-ground biomass components, viz the leaves, branches, dead matter, bark

and bole wood. Furthermore, by gaining an understanding of the interactions between the physical

mass of blomass ‘components, their nutrient content and site factors,.site-specific models can be

_ ,‘;,v_« e d ) _..___..:—Q

constructed to estimate the effects of intensive forestry on site nutrient status, and support the

development of sustainable management practices and potential fertilization and other amelioration

programmes.

In addition to nutritional concerns, growth modelling over the past 20 years has come to rely
increasingly on quAntifying and understanding the relationships beltween water balance, carbon
allocation and nett primary biomass production (Running and Coughlan, 1988; Landsberg and Waring,
1997). Dynamic yield prediction models require meaningful (i.e. real) data on the physical mass of
biomass components, and methods for estimating these from easily obtainable mensurational
parameters. Such data may also be used to gain understanding of the relationships between biomass

components and merchantable timber, and is of particular use to tree breeders.

This study aims to primarily provide an initial source of reference for a range of commercial and semi-
commercial eucalypt species grown in South Africa under intensive silvicultural regimes, specifically
in terms of the species above-ground biomass component’s size and nutrient content per biomass
component. Furthermore, it seeks to gain some understanding of the interactions of site on these, in
order to help optimise silvicultural operations and management of the site’s resources. Accordingly,

the following key questions may be defined:

1. What are the above-ground biomass profiles of commercial eucalypt species in terms of their

leaf, branch, dead matter, bark and bole wood masses ?

2. What are the above-ground biomass profiles of commercial eucalypt species in terms of their

leaf, branch, dead matter, bark and bole wood nutrient contents ?
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3. How do the water contents of biomass components compare per species and across sites ?

4. How do bole wood densities compare within the stem per species and across sites ?

5. What are the inter-relationships between biomass component physical masses ?

6. What are the relationships between biomass component physical masses and tree mensurational

parameters per species ?

7. What are the relationships between biomass component physical masses and tree foliar nutrient
status per species ?
8. What are the relationships between the site’s soils and the nutrient content per biomass

component per species ?

Based on the findings from the above questions, initial nutrient budgets will subsequently be developed

to estimate nutrient budgets using the parameters:
1. Eucalypt species employed.

2. Harvested biomass.

3. Soil conditions.

While root growth and mass is also of obvious importance in examining carbon allocation and
characterising tree growth and nutrient dynamics, the implementation of below-ground studies is
logistically very difficult, expensive and time consuming. Due to such constraints, no root excavations
and below-ground biomass sampling were carried out in this study. It is hoped that follow up work for

process growth modelling will subsequently be undertaken in this regard.
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2. STUDY METHODOLOGY

As silviculture (Boden, 1984; Schénau, 1984), tree age (Attiwill, 1979; Bradstock, 1981; Grove and
Malajczuk, 1985a,b; Laclau et al., 2000, 2001) and site (Lambert and Turner, 1983; Specht, 1996) are
all known to influence biomass development and/or nutrient uptake, study sites needed to be selected

where these factors couid be controlled and/or quantified.

An ideal opportunity to compare maturing short-rotation eucalypt species was afforded from a series
of near-identically designed site-species trials (GE series) laid out by the Institute for Commercial
Forestry Research in southeastern Mpumalanga in 1984 (Schénau and Purnell, 1987). Each trial
consisted of four replications of a 3 x 4 rectangular lattice planted at a spacing of 3.0 m x 2.0 m (1667
stems per ha). Total plot size comprised 5 x 5 trees, with inner (measured) plots of 3 x 3 trees.

Treatment species are shown in Table 2.1.

TABLE 2.1, TRIAL TREATMENTS

Species Seed origin
Acacia mearnsii De Wild Bloemendal seed orchard, ICFR
Eucalyptus deanei Maiden RSA Commercial 1983
Eucalyptus delegatensis R. T. Baker' Australia 31301 - 313085, Pilot Hill, NSW
Eucalyptus dunnii Maiden Australia 13329, northwest of Kyogle NSW
Eucalyptus elata Dehnh. Seiected trees, SAMTMA programme
Eucalyptus fastigata Deane and Maiden RSA Commercial
FEucalyptus fraxinoides Deane and Maiden * Australia 13362 and 12115
Eucalyptus grandis W. Hill x Maiden RSA 30261
Eucalyptus macarthurii Deane and Maiden NTE Commercial (cleaned run 140)
Eucalyptus nitens Deane and Maidep Australia 32076 - 32091, Big Badja Mt. NSW
Eucalyptus saligna Sm. RSA 24564 ‘
Eucalyptus smithii R. T. Baker Australia 12131, Mt. Dromedary, NSW
Eucalyptus viminalis Labill. RSA 31203

" Trial GE. 14 only. 2 Not at Trial GE. 14.

The trials GE.10-15 were initially conceived as a transect of paired sites (deep and shallow soils) across

a gradient of climates. However, the second paired site at Woodstock (GE.15) was accidentally felled
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in 1988. The trials were situated on the Huletts Plantations (Pty) Limited (now Mondi Forests) farms

Eedlegesteente (GE.10 and 11) near Idalia and Speenkoppies (GE.12 and 13) near Moolman, with the

fifth belonging to Lotzaba Forests Limited (now Sappi Forests) at Woodstock (GE.14) near The Gem -

see Map 1. Prior to planting, all sites were ploughed and harrowed (complete cultivation) as well as

ripped to a depth of 50cm along the planting line. Seedlings raised in 128 polystyrene trays received

75g 2:3:2(22) starter NPK fertilizer, applied in a ring (radius 20cm) around each plant at time of

planting, and then repeated in the following spring. Due to a shortage of seedlings, E. delegatensis

replaced E. fraxinoides at GE.14. Repeated blankings were carried out in order to try and achieve

maximum survival, but mortality was still relatively high for E. elata, E. fraxinoides and E. fastigata.

The trials were kept weed free till canopy closure. Details of site conditions are given in Table 2.2.

TABLE 2.2. SUMMARY OF GENERAL SITE CONDITIONS PER TRIAL SITE
Parameter Site
GE.10 GE.11 GE.12 GE.13 GE.14
Latitude 26°50' 26°50' 27°08' 27°08' 26°23'
Longitude 30°39' 30°40’ 30°55" 30°54' 30°40'
Altitude (m) 1407 1320 1240 1174 1645
MAT (°C)? 15.6 16.1 16.5 16.9 144
MAP (mm) ? 960 875 895 875 870
Effcgti‘ve Extra high High High Moderate Very high
precipitation |
Lithology Bioti.te Biotite .: Biotite Biotite Leucocratic
granite granite | granite granite potassic
= granite
Soil Form/Family ! Inanda / Glenrosa / Inanda / Glenrosa / Inanda /
7 Himeville Kilspindie i Himeville Kilspindie Himeville
»éven:ag_eﬂtixmr_e o SaCl SaClLm SaCl SaClLm SaCl
ERD (cm) > 150 25-35 > 150 25 - 35 > -150
Equivalent soil depth | Ultra deep Very shallow | Ultra deep V_eﬁa}l;w A Ultra deep
Previous land use Virgin veld Virgin veld : Agriculture Virgin veld Pinus taeda
Landscape position | Ridge crest | Lower (; Midslope Footslope Plateau
midslope :
Slope (°) 2 7 4 J 1

" Soil Classification Working Group (1991). * Estimated from altitudinal algorithms.
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The lithology of GE.10-13 comprises Pongola Sequence medium-coarse grained biotite granite and
porphyritic granite, as well as leucocratic biotite granite (Walraven, 1989). At GE.10 and GE.12 this
has weathered very extensively, with deep, friable and well-drained saprolite beneath the soil proper.
The soils are Inanda form, with humic topsoils of 25-30 cm thickness overlying red apedal B subsoils
to a depth of approximately 140 cm. Quartz stone lines are absent or thin and discontinuous, and

eucalypt tree rooting is probably in excess of 6 m deep.

Conversely, the “shallow” sites at GE.11 and GE.13 comprise extensive and poorly weathered rock
close to the surface, with a dominance of porphyritic material (mainly quartz). Their lithic soils are
classified as Glenrosa form, are moderately to poorly drained, and there is evidence of up-slope water
accumulation in the upper profile. Rooting is mainly in the A horizon, with very few and isolated roots
penetrating within the fissured rock and poorly-drained substrate. Hard and continuous rock is within
approximately 3m of the surface.

The Woodstock site (GE.14) is derived from Pongola Sequence leucocratic potassic granite, and has
similar edaphic conditions to other “deep” sites of GE.10 and GE.12. However, there are also scattered
signs of weak plinthic processes (concretions) at depths of 80 ¢m - 130 cm, but no continuous hard
plinthic layer is present. Although the previous stand was planted to Pinus taeda, Acacia mearnsii was

grown on the site at a still earlier date.

In broad climatic and edaphic terms (effective precipitation, plant available water, soil depth and

texture, soil drainage status) of improving site quality for tree growing, sites may be ranked as follows:
GEI3<GE1l1<GEI2<GE.I4<GE.1I0

These five trial sites were selected for investigation as all were planted in the same year and season
(February - March 1984), used the same genetic stock within species, used selected uniform seedlings
raised in the same nursery and with the same techniques (thus same root systems), as well as receiving
the same attention to optimum operational details in the intensive silviculture applied at establishment.
Direct and un-compromised comparisons are thus able to be made between species on the same trial

site, as well as investigation of the effect of site per se on a range of species biomass components and

their nutrient contents.
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E. delegatensis and E. fraxinoides were not included in this biomass study, as they were not planted
at all sites, and the survival of E. fraxinoides was also generally very poor. A. mearnsii, not being a

eucalypt, was also excluded from the study. Table 2.3 summarises the species selected for the biomass

study.

TABLE 2.3. CLASSIFICATION DETAILS OF SPECIES SELECTED FOR BIOMASS STUDY

N Species Subgenus Inclusae / Group number ’
E. deanei Symphyomyrtus Transversae 13

hE. dunnii Symphyomyrtus Viminales 25

LE' elata Monocalyptus Radiatae 11
E. fastigata Monocalyptus Regnantes 9
E. grandis Symphyomyrtus Transversae 13
E. macarthurii Symphyomyrtus Viminales 26
E. nitens Symphyomyrtus Viminales 26
E. saligna Symphyomyrtus Transversae 13
E. smithii Symphyomyrtus Viminales 27
E. viminalis Symphyomyrtus Viminales 27

1. Chippendale (1988). 2. Pryor and Johnson (1971).

2.1.  Field procedures

Biomass studies are acknowledged as being costly in manpower, time and finance. In order to
economise on the scale of operations, it was decided to sample only one tree per species from each plot
within three of the four replicates per trial site. Sampling three trees is significantly more meaningful
than two (potentially 50% improvement in accuracy), as it allows improved control on éampling
anomalies or error and provides a “third point” on curvilinear trends, while the improvement from three
to four increases accuracy by only half this margin. The relatively small sample size is also justifiable
in that a representative mean tree is used per plot, which is also in line with the general questions

formulated in Chapter 1.

The data base for each parameter of each species thus comprises:
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3 plots per trial x 5 trial sites = 15 samples

Following measurement of trials GE.10 - GE.14 in October - December 1990 (at about 6 years and 10
months of age), the mean square diameter breast height (dbh) (1.3 m) of each plot in each trial was
calculated. As it was intended to still continue monitoring trials GE.10 - GE.14, a single undamaged
healthy tree which corresponded as closely as possible to the measured plot mean dbh was selected

from amongst the potential 18 buffer trees in the surrounds of each plot.

Destructive sampling of these selected trees across successive sites was carried out between mid-
December 1990 and early March 1991. The sample tree of each plot was felled at ground level, and
measured for total height and height at the crown base (5 cm over-bark stem diameter). The tree’s
components were separated into leaves (including petioles), branches (including stem above bole wood
cut-off point - 5 cm over-bark top end diameter), on-tree dead material (branches and decorticating

bark), fresh bark and bole wood (the latter two to a minimum tip diameter of 5 cm over-bark).

The fresh mass of each component was gravimetricly measured-in-field to the nearest decagram using
a large suspended cradle and attached spring scale. Sample disc sections (3 cm thick) were cut from
the bole wood at 1.3 m, 25% and 75% of bole length and from the crown base (5 cm over-bark
diameter). Each component was sub-sampled and sealed within 30 minutes of felling for subsequent
moisture and nutrient determinations. Two separate foliar samples were taken, the {irst of select leaves
(most recent fully-formed mature leaves on outer-branchlets and in upper third of the crown - i.e. as per
normal foliar sampling for nutritional diagnosis). The second sample was from bulked leaves, i.e. al!
leaf types in terms of age, crown position and damage status). Two soil samples (0-25 cm) were

collected from the mid point of inter- and intra rows adjacent to each tree, and pooled as a single sample

per plot.

2.2.  Laboratory procedures

Biomass sub-samples from the field were transported to the laboratory and weighed for wet (fresh) |
mass to the nearest milligram. The bole wood discs were then submerged overnight in water and
measured for volume by displacement. All samples were then dried in a forced-draught oven at 105

°C, this being reduced to 60 °C for leaves. Following drying, samples were re-weighed for dry mass.
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After the wood had been measured for volume and wet and dry mass, each set of four discs per sample

tree was completely milled, bulked and then sub-sampled for a single “bole wood” sample.
After dry milling, chemical analysis (per unit dry mass) of biomass samples was undertaken as follows:
Nitrogen (N) was determined by the micro-Kjeldahl method.

All other elements were ashed at 500 °C overnight, followed by digestion with 6 M HCI,
filtered and made up by volume in 0.6 M HCI. Calcium (Ca), magnesium (Mg), potassium (K),
sodium (Na), manganese (Mn), iron (Fe), copper (Cu) and zinc (Zn) were determined using a
Varian Spectre AA-10 Atomic Absorption Spectrometer. Phosphorus (P) was determined
colorimetrically using a Skalar segmented flow auto analyser. This latter method was also used
for boron (B) and aluminium (Al) determinations, but the results proved somewhat erratic and

were discarded for this study.
After air drying, soil samples were analysed as follows:

Soil texture was determined by sample dispersion in Calgon solution (sodium
hexametaphosphate and sodium carbonate), sonication (300 W) and dilution in water, and

weighed for oven-dry mass following pipetted sampling of suspension solution on a time basis.

Soil organic carbon (OC) was measured by loss on ignition (Donkin, 1991).

pH was measured in 1 M potassium chloride (KCl) solution.

Exchangeable soil Ca, Mg, K and Na was measured using 1| M ammonium acetate.
P was determined as Bray 2 P.

Exchangeable acidity (EA) (pH 8.4, per kg soil) was measured using 1 M KCl extract titrated
against 0.001 M sodium hydroxide solution.

2.3.  Statistical procedures

Statistical analysis of numerical data was undertaken using the Genstat® 5 piogramme (Release 3.2,
Second edition, 1996) produced by the Statistics Department, Rothamsted Experimental Station. These
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comprised analysis of variance, correlations and multiple linear regressions. As soil conditions within
trials were selected for their uniformity within and between blocks, the laboratory analyses of biomass
and soils showed relatively little variation within treatments, and any anomalies were queried and re-
submitted for analysis. In addition, it was also possible to compare laboratory results with an earlier
“run” comprising a single bulked sample drawn from each of the three plots per species treatment per
site (Herbert and Robertson, 1991). This procedure resulted in a very “clean” data set, which helped

considerably in promoting meaningful statistical analysis of the data.

Each of the original site-species trials comprised four replications of a 3 x 4 rectangular lattice. As
treatments were reduced to 10 species, and only three replications were used in the biomass study, the
individual trial designs became statistically incomplete and unbalanced, and thus blocks had to be
combined into single replications of 10 units each, yielding 30 plots per trial site. Such a simple

arrangement would yield the following analysis of variance structure per trial:

Source of variation  Degrees of freedom

Replications 2
Species 9
Residual 18
Total 29

While this arrangement provides adequate degrees of freedom for deriving the residual (error) term and
coritrolling its mean square value, it does not provide ary information on the effects of Site differences
on Species. Accordingly, a more satisfactory statistical design incorporates Species and Sites in the

same analysis of variance model, as shown below:

Source of variation Degrees of freedom

Site 4
Species 9
Species x Site 36
Residual 100
Total 149

This latter model allows treatment means to be tested hetween species and across sites, while
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simultaneously minimising mean square residual values by employing 100 degrees of freedom (instead

of 18) - a far more satisfactory analysis of variance structure, and the one selected for this study.

Relationships between site, biomass and nutrient concentration factors were examined using correlation
analysis and multiple linear regressions. The generalised linear model (GLM) employed by Genstat
assumes that the distribution of variates is normal, and thus alerts users to skewed distributions. As all
variates incorporated in the GLMs were parametric and the data drawn frbm “mean” trees per plot, any
abnormal distributions were related to “outliers” in the data sets (e.g. an unusually large tree). Due to
their disproportionate influence (high leverage), in those few instances where they occurred, “outliers”

were accordingly individually excluded from the analysis.

While examination of the correlation matrix’s simple coefficients indicates the significance of linear
relationships between variables, when fitted as terms in a multiple regression their inclusion in the final
model depends on the degree of overall agreement between explanatory variates in explaining the
response variate. While it is generally true that inclusion of more explanatory variates in the model is
able to account for more of the variance in the Y variate, the statistical significance (t-value) of these
is correspondingly lowered. In addition, it is also unwieldy to have models with many terms.
Accordingly, it is desirable to only include significant explanatory variates which optimally account
for the maximum amount of variance. This is measured by R?, expressed in terms of the regression

analysis of variance as:
100 x [1 - (Residual mean square / Total mean square)]

Genstat is able to sequentially modify declared regression models in order to achieve the biggest
improvement in R%. Select terms in specified declared formulae are dropped from the current model
if they are already there (i.e. if unsuccessful), or are added to it if they are not. For each term, the
residual sum of squares and the residual degrees of freedom are recorded; then Genstat reverts to the
original model before trying the next term. The current model is finally modified by the best term,
according to a criterion based on the variance ratios. Terms are added or dropped depending on their

variance ratio and the degree of reduction achieved in the residual mean square.

Correlation and regression analyses were undertaken for individual species (n = 15), groups of related

species (Transversae: n = 45; and Viminales; n = 75) and all combined species (n =-150).
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The study’s complete unprocessed data base consisted of 150 individual plot records for ten eucalypt

species replicated three times (plots) across five trial sites GE.10 - GE. 14 (italicised names are defined

field headings). The plot numbers refer to the original trial allocations (i.e. 1-48), although only 30

plots from three of the four replications were used per trial in this study. Each record contained the

following fields, as shown in the associated referenced Appendices Al - A3.6:

Al

A2.1.

A2.2.

A2.3.

A3.1

Soil physical and chemical parameters:
Soil textural units, pH, exchangeable Ca, Mg, K and Na, sum of exchangeable cations

(S-value, per kg soil and clay), available P, organic carbon (OC) and exchangeable

acidity (EA).

Sample tree characteristics:

Total height, height to 5 cm top end diameter (crown base), over bark dbh of the actual
sample tree and the associated plof mean dbh, under-bark (i.e. post bark stripping)
stem volume (single tree), stocking per ha, basal area (sum of dbh cross-sectional
area). Basal area was used as it is directly proportional to stem volume per unit area,
and thus a useful measure of tree productivity. Tree volume of all trees per plot was
not directly measured in the field, but all dbhs were recorded, thus necessitating the

employment of basal area for statistical analyses.

Above-ground biomass component parameters:

Water content ((fresh mass - dry mass)/fresh mass) and total oven-dry mass of leaves,
branches, dead material, bole bark, bole wood, and total above-ground biomass per

sample tree.

Sample tree density per disc sample height:
Density per sample disc cut at 1.3 m, 25% and 75% of total tree bole height and at 5¢cm
top end diameter (bole tip), together with their mass-weighted mean.

Nutrient concentration of selected foliar material

Nutrient concentration (dry mass) of Fe, Cu, Zn, Mn, P, Na,‘Ca, Mg, K, and N per
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A3.2.

A3.3.

A34.

A3,

A3.6.

sample tree; select material comprised that normally used in foliar sampling for

diagnostic purposes.

Nutrient concentration of bulk foliar material
Nutrient concentration (dry mass) of Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, and N per

sample tree.

Nutrient concentration of branches
Nutrient concentration (dry mass) of Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, and N per

sample tree.

Nutrient concentration of on-tree dead matter
Nutrient concentration (dry mass) of Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, and N per

sample tree.

Nutrient concentration of bole bark
Nutrient concentration (dry mass) of Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, and N per
sample tree.

Nutrient concentration of bole wood
Nutrient concentration (dry mass) of Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, and N per

sample tree (bulked sample from four sample discs).

The data in Appendices Al to A3.6 are summarised as means for each eucalypt species per site (3

samples), species across sites (15 samples) and sites (30 samples) in:

Table 3.1 (soil physical and chemical parameters)

Table 3.2 (sample tree and plot growth characteristics)

Table 3.3 (biomass component parameters)
Table 3.4 (bole wood density)

Table 3.5 (nutrient concentration of select foliar samples)

Tables 3.6.1 to 3.10.2 (elemental nutrient concentration and tree mass per biomass component)
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These mean values were calculated following an analysis of variance of all data fields. Tables 3.1 to
3.10.2 also contain the probability level of the F-test, as well as the standard error (SE) of the difference

between means (dbm). Statistical analyses and exposition of the data are presented in Chapter 4.
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Table 3.1. Average soil physical and chemical parameters per trial, and species
. . Soil texture (%) Gravel pH Exchangeable cations (cmol(+)/kg soil) S-value P OC | Exch. acidity
Trial Species Clay | Silt | Sand | _Class (%) | (KCh | Ca Mg K Na__| S-value | (/kg CL) | (mg/kg) | (%) | (cmol(+)/kg)
10| E. deanei 44 5 52| SaCl 0] 397 0.27 0.14 0.16 0.10 0.67 1.54 1.70| 1.93 1.55
10| E. dunnii 45 5 50| SaCl I 3.77 0.37 0.24 0.21 0.11 0.93 2.06 1.77 2.12 1.36
10| £. elata 44 5 51| SaCl 1 3.87 0.24 0.18 0.14 0.11 0.67 1.54 1.53] 1.94 1.44
10 E. fastigata 42 5 52| SaCl 1 3.87 0.26 0.15 0.10 0.10 0.60 1.43 1.53| 1.91 1.58
10| E. grandis 38 5 57|  SaCl i 3.93 0.27 0.16 0.13 0.10 0.66 1.76 1.50| 1.52 1.33
10 | E. macarthurii 41 5 53| SaCl 0| 390 0.30 0.16 0.15 0.09 0.68 1.66 1.53| 1.90 1.44
10| E. nitens 43 5 52| SaCl 0| 3.90 0.34 0.19 0.14 0.10 0.51 1.24 1.70| 1.94 1.51
10| E. saligna 44 S 50| SaCl 1 3.90 0.39 0.21 0.15 0.11 0.85 1.89 1.53| 1.82 1.51]
10| E. smithii 42 5 54|  SaCl 1 3.90 0.25 0.13 0.19 0.11 0.69 1.65 .80 1.87 1.52
10 | E. viminalis 45 5 50 SaCl 1 3.90 0.31 0.18 0.14 0.10 0.73 1.63 147] 1.96 1.53
10| Mean 43 5 52| SaCl 1 3.89 0.30 0.17 0.15 0.10 0.70 1.64 1.61| 1.89 1.48
11| E. deanei 34 7 59| SaClLm 0| 3.8 2.59 2.64 0.29 0.14 5.65 17.20 3.37| 2.65 1.26
11| E. dunnii 31 10 59| SaClLm 0| 4.07 3.05 2.46 0.26 0.21 5.98 19.45 3.87| 2.56 0.65
11| E. elata 31 9 60 SaClLm 0| 3.93 2.30 2.07 0.17 0.13 4.66 18.09 440 2.23 0.73
11| E. fastigata 331 10 57| SaClLm 0| 4.03 3.02 2.75 0.17 0.16 6.11 18.67)  3.00| 2.65 0.55
1U|E. grandis 35 9 56| SaClLm 0] 4.00] 246] 277 0.17] 0.17 5.57 15.83 2.93] 2.29 1.02
11| E. macarthurii 31 10 60| SaClLm 0 3.83 2.63 241 0.18 0.16 5.38 17.92 3.73] 248 0.90
11| E. nitens 38 7 55| SaCl 0| 397 2.55 241 0.24 0.14 5.33 14.14 340 2.50 0.77
11|E. saligna 31 8 61| SaClLm 0| 3.87 2,56 2.77 0.17 0.19 5.69 18.15 3.80| 243 1.27
11| E. smithii 37 9 54| SaCl 0| 4.07 249 2.51 0.21 0.16 537 15.74 2.67| 2.14 1.05
11| E. viminalis 33 8 59| SaClLm 0| 3.90 2.53 2.35 0.19 0.18 5.26 15.45 3.63| 2.35 0.84
11| Mean 33 9 58| SaClLm 0| 3.95 2.62 2.52 0.21 0.16 5.50 17.07 3.48| 2.43 0.90
12 | E. deanei 47 S 48| SaCl 0| 4.03 0.22 0.23 0.15 0.10 0.70 1.50 340 2.17 2.03
12| E. dunnii 46 S 49| SaCl 0| 4.03 0.30 0.28 0.15 0.11 0.83 1.79 4.07] 2.09 1.79
12 | E. elata 48 4 48| SaCl 0| 4.07 0.23 0.19 0.11 0.1 0.64 1.36 4.07] 2.14 1.92
12 | E. fastigata 46 6 49| SaCl 0| 4.00 0.28 0.26 0.10 0.10 0.74 1.61 3.87| 222 1.82
12 | E. grandis 46 6 48  SaCl 0] 4.00 0.33 0.37 0.19 0.12 1.01 2.21 241 2.32 1.77
12| E. macarthurii 47 8 46| SaCl 0] 4.03 0.21 0.19 0.12 0.12 0.67 1.44 343 222 1.91
12| E. nitens 49 5 47| SaCl 0| 4.07 0.26 0.23 0.15 0.10 0.74 1.51 327 242 1.85
12| E. saligna 46 6 49| SaCl 0] 413 0.27 0.25 0.17 0.12 0.81 1.75 3.23] 2.01 1.85
12| E. smithii 46 6 48| SaCl 0| 4.07 0.32 0.30 0.16 0.13 0.91 1.98 277 2.29 1.91
12| E. viminalis. 46 6 48| SaCl 0| 4.10 0.29 0.27 0.12 0.10 0.78 1.71 297 229 1.83
12| Mean 47 6 48| SaCl 0| 4.05 0.27 0.26 0.14 0.11 0.78 1.69 3.35] 222 1.87
F prob. (Species) 0.53] 021 1.00 0.31 0.93 0.72 0.75 0.66 0.24 0.86 0.95| 0.47 0.25
F prob. (Spp. x Trial) 092 0.75] 0.49 0.32 0.99 0.92 0.84 0.64 0.94 0.99 1.00) 0.54 0.99
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Table 3.1. Average soil

hysical and chemical

arameters per trial

and species

Trial Species Soil texture (% Gravel pH Exchangeable cations (cmol(+)/kg soil) S-value | OC | Exch. acidity
P Clay | Silt | Sand | Class (%) (KCh) Ca Mg K Ne S-value | (/kg Cl.) | (mg/kg) | (%) | (cmol(+)/kg)
13 | E. deanei 33 11 56| SaClLm 0 437 4.96 3.88 0.21 0.19 9.24 27.33 2.50| 1.53 0.23
13 | E. dunnii 32 10 58| SaClLm 0 4.47 4,82 3.35 0.23 0.18 8.57 26.41 1.40| 1.36 0.14
13 | E elata 33 11 57| SaClLm 0 4,67 5.55 3.99 0.28 0.18 9.99 30.37} 1.40| 1.57 0.08]
13| . fastigata 32 11 57| SaClLm 0 4.43 5.74 3.85 0.33 0.17 10.10 31.8] 1.57| 1.55 0.11]
13| E. grandis 35 12 53| SaClLm 0 4.50 6.37 3.32 0.46 0.17 10.33 29.43 1.70| 1.66 0.12]
13| E. macarthurii 33 11 56| SaClLm 0 4.50 5.32 3.64 0.22 0.17 9.36 28.45 2.83| 1.57 0.13]
13| E. nitens 32 10 58| SaClLm 0 4.60 4.90 3.39 0.35 0.25 8.89 27.24 2.57| 1.58 0.09
13| E. saligna 37 12 52| SaCl 0 4.67 7.42 4.75 0.31 0.17 12.66 34.52 2.70| 1.85 0.09
13 | E. smithii 32 11 57| SaClLm 0 4.60 5.74 3.43 0.25 0.16 9.58 29.29 2.40| 1.34 0.10
13 | E. viminalis 36 12 53| SaCl 0 4.57 6.34 4.54 0.23] 0.18 11.29 31.61 1.87| 1.71 0.08
13| Mean 33 11 56| SaClLm 0 4.54 5.72 3.81 0.29 0.18 10.00 29.65 2.09| 1.57 0.12]
14| E. deanei 40 6 54| SaCl 0 3.67 0.27 0.11 0.66 0.49 1.53 3.62 6.00| 2.78 2.05
14| E. dunnii 39 6 55| SaCl 0 3.73 0.25 0.08 0.13 0.09 0.56 1.46 520 2.21 1.64
14 | E. elata 43 7 51| SaCl 0 3.73 0.26 0.12 0.16 0.09 0.63 1.47 547 2.84 1.87
14| E. fastigata 38 7 55| SaCl 0 3.70 0.21 0.09 0.10 0.05 0.45 1.18 5.17] 2.63 1.87
14| E. grandis 38 6 57| SaCl 0 3.77 0.22 0.08 0.14 0.10 0.55 1.45 4.77| 2.44 1.64
14| E. macarthurii 39 7 54| SaCl 0 3.67 0.26 0.10 0.07 0.08 0.50 1.28 6.27| 2.88 1.98
14 | E. nitens 40 7 53| SaCl 0 3.63 0.23 0.11 0.21 0.10 0.65 1.63 5.07| 2.63 1.47
14| E. saligna 37 6 57| SaCli 0 3.73 0.22 0.10 0.14 0.11 0.56 1.51 5.50| 2.58 1.90
14 | E. smithii 39 6 55| SaCl 0 3.70 0.20 0.11 0.15 0.09 0.56 1.42 443 240 1.76
14 | E. viminalis 35 5 59| SaCl 0 3.73 0.22 0.10 0.65 0.13 1.11 3.27 440 2.42 1.62
14| Mean 39 6 55| SaCl 0 3.71 0.23 0.10 0.24 0.13 0.71 1.83 5.23| 2.58 1.78
10-14 | E. deanei 40 7 54| SaCl 0 3.97 1.66 1.40 0.29 0.20 3.56 10.24 3.39] 2.21 1.42
10-14 | E. dunnii 39 7 54| SaCl 0 4.01 1.76 1.28 0.20 0.14 3.38 10.24 3.26] 2.07 1.12
10-14 | E. elata 40 7 53| SaCl 0 4.05 1.72 1.31 0.17 0.12 3.32 10.57 337 2.15 1.21
10-14 | E. fastigata 38 8 54| SaCl 0 4.01 1.90 1.42 0.16 0.12 3.60 10.94 3.03] 2.19 1.18
10-14 | E. grandis 38 8 54| SaCl 0 4.04 1.93 1.34 0.22 0.13 3.62 10.14 2.66| 2.04 1.17
| 10-14| E. macarthurii 38 8 54| SaCl 0 3.99 1.74 1.30 0.15 0.12 3.32 10.15 3.56| 2.21 1.27
10-14 | E. nitens 40 7 53| SaCl 0 4.03 1.66 1.26 0.22 0.14 3.22 9.15 3200 2.21] 1.14
10-14 | E. saligna 39 7 54| SaCl 0 4.06 2.17 1.62 0.19 0.14 4.11 11.57 335 2.14 1.32
10-14 | E. smithii 39 7 53| SaCl 0 4.07 1.80 1.30 0.19 0.13 3.42 10.02 2.81] 2.01 1.27
10-14 | E. viminalis . 39 7 54| SaCl 0 4.04 1.94 1.49 0.27 0.14 3.84 10.73 2.87| 2.15 1.18
x4
| SE (dbm): w/i trial 3,301 1.20| 3.70 0.100] 0.793] 0.426| 0.179] 0.090 0.810 1.190 3.145] 0.129 0.262
SE (dbm): bet. trials 1.50) 0.50] 1.60 0.042]| 0.354| 0.190] 0.080| 0.040 0.360 0.532 1.407| 0.107 0.117
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\Table 3.2. Average sample tree and plot growth characteristics per trial and species

. . \ Height (m) OB Dbh (cm) Basal area Stocking (N/h UB stem volume Form
Trial Species Total Sem top Sample Plot (m*/ha) ocking (N/ha) (dm?) factor
10| E. deanei 19.97 16.47 16.97 16.02 27.39 1667 - 166.09 0.368
10| E. dunnii 21.37 17.73 16.23| 15.96 27.35 1667 152.56 0.345
10| E. elata 20.00 16.57 16.10 15.58 17.90 1605 145.39 0.357
10| E. fastigata 19.37 15.73 16.93 16.39 24.39 1358 147.42 0.338
10| E. grandis 20.80 17.47 17.37 17.10 29.14 1358 170.50 0.346
10| E. macarthurii 19.90 16.47 18.23 17.66 3245 1235 160.79 0.309
10| E. nitens 19.57 16.30 17.10 17.13 20.45 1420 174.08 0.387
10| E. saligna 19.90 16.40 15.87 15.69 2743 1358 141.50 0.360
10 | E. smithii 22.70 18.63 18.40 18.19 34.13 1667 217.57 0.360
10| E. viminalis 19.10 15.43 15.17 14.85 24.31 1543 111.78 0.324
10 Mean 20.27 16.72 16.84 16.46 26.49 1488 158.77 0.352
11| E. deanei 15.97 12.57 15.33 14.70 25.16 1667 110.32 0.374
11| E. dunnii 19.57 16.13 17.23 17.01 31.15 1543 150.12 0.329
11| E. elata 16.70 12.43 13.37 13.74 11.06 1296 84.87 0.362
11 | E. fastigata 16.67 12.27 13.57 12.29 13.15 1173 82.59 0.343
11| E. grandis 19.77 16.53 16.27 15.12 28.63 1667 145.65 0.355
11| E. macarthurii 17.70 13.70 16.73 15.84 28.10 1667 131.68 0.338
11| E. nitens 19.03 15.87 17.40 17.10 29.12 1358 186.21 0411
11 | E. saligna 19.70 16.37 16.07 15.64 24,72 1543 144.52 0.362
11| E. smithii 19.20 15.13 16.73 15.40 29.90 1667 153.66 0.364
11| E. viminalis 18.93 15.30 16.03 15.59 25.95 1481 129.79 0.340
11[Mean 18.32 14.63 15.87 15.24 24.69 1506 131.94 0.364
12| E. deanei 21.00 17.33 18.07 17.26 32.30 1420 219.03 0.407
12 | E. dunnii 26.50 23.40 23.53 20.48 36.80 1605 373.23 0.324
12| E. elata 26.33 22.07 21.80 21.40 24.20 1049 317.48 0.323
12| E. fastigata 24.13 20.13 19.60 17.99 30.90 1235 282.68 0.388
12| E. grandis 26.13 22.63 20.57 19.27 32.70 1667 298.24 0.344
12 | E. macarthurii 20.93 16.90 17.47 18.73 28.20 1481 176.93 0.353
12| E. nitens 20.67 15.87 14.10 15.76 29.70 926 108.71 0.337
12 | E. saligna 24.60 21.23 19.30 19.49 34.30 1481 269.59 0.375/
12 | E. smithii 27.90 23.33 21.43 18.82 30.80 1667 404.90 0.402
12| E. viminalis 23.60 19.70 19.63 19.66 30.70 1605 248.17 0.347
12 Mean 24.18 20.26 19.55 18.89 31.06 1414 269.90 0.372
F prob. (Species) <0.00] <0.001 0.020 0.239 <0.001 0.013
F prob. (Spp. x Trial) 0.003 <0.001 <0.001 <0.001 0.018 0.007
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Table 3.2. Average sample tree and plot growth characteristics per trial and species
. . Height (m) OB Dbh (cm) Basal area Stocking (N/h UB stem volume Form
Trial Species Total Scm top Sample Plot (m%/ha) ocking (N/ha) (dm?) factor
13| E. deanei 13.67 9.27 11.80 11.74 14.35 1605 - 48.24 0.323
13| E. dunnii 15.70 11.83 13.83 13.54 19.45 1667 80.71 0.342
13 | E. elata 13.10 8.83 11.10 11.87 11.57 1358 50.57 0.399
13| E. fastigata 13.70 9.00 10.73 11.56 8.71 1420 43.39 0.350
13| E. grandis 15.83 11.87 13.47 12.97 18.89 1605 87.78 0.389
13| E. macarthurii 15.67 11.37 14.00 12.78 16.04 1543 74.96 0.311
13| E. nitens 10.87 6.13 9.60 9.94 3.49 556 29.73 0.378
13| E. saligna 17.20 13.30 13.67 12.75 19.52 1667 107.52 0.426
13| E. smithii 16.20 11.57 12.40 11.91 15.79 1605 72.27 0.369
13| E. viminalis 14.33 9.80 12.07 12.04 17.39 1667 52.31 0.319
13| Mean 14.63 10.30 12.27 12.11 14.52 1469 64.75 0.375
14| E. deanei 17.20 12.87 12.53 12.69 22.40 1605 82.38 0.388
14 | E. dunnii 20.43 16.67 15.57 14.58 28.14 1667 123.93 0.319
14| E. elata 17.93 12.90 12.47 14.60 27.96 1605 106.35 0.486
14 | E. fastigata 20.33 16.07 17.80 18.65 33.98 1296 174.05 0.344
14 | E. grandis 18.63 14.33 13.70 13.68 26.72 1605 105.07 0.383
\4| E. macarthurii 18.07 13.57 14.57 14.49 25.31 1605 97.43 0.324
14| E. nitens 20.20 16.97 18.50 18.60 42,37 1605 207.54 0.382
14 | E. saligna 18.00 13.90 14.77 14.92 27.51 1605 125.45 0.407
14| E. smivhii 21.87 17.57 16.40 16.17 3743 1667 163.01 0.353
14| E. viminalis 19.20 14.93 15.13 14.92 30.70 1667 113.26 0.328
14(Mean 19.19 14.98 15.14 15.33 30.25 1593 129.85 0.376
10-14 | E. deanei 17.56 13.70 14.94 14.48 24.32 1593 125.21 0.407
10-14 | E. dunnii 20.71 17.15 17.28 16.32 28.58 1630 176.11 0.363
10-14 | E. elata 18.81 14.56 14.97 15.44 18.54 1383 140.93 0.426
10-14 | E. fastigata 18.84 14.64 15.73 15.38 22.23 1296 146.03 0.399
10-14 | E. grandis 20.23 16.57 16.27 15.63 27.22 1580 161.45 0.384
10-14 | E. macarthurii 18.45 14.40 16.20 15.90 26.02 1506 128.36 0.337
10-14 | E. nitens 18.07 14.23 15.34 15.71 25.03 1173 141.26 0.423
10-14 | E. saligna 19.88 16.24 15.93 15.70 26.70 1531 157.72 0.398
10-14 | E. smithii 21.57 17.25 17.07 16.10 29.61 1654 202.28 0.410/
10-14 | E. viminalis 19.03 15.03 15.61 15.41 25.81 1593 131.06 0.360
SE (dbm): w/i trial 1.378 1.495 1.521 1.373 190.5 48.207
SE (dbm): bet. trials . 0.616 0.669 0.680 0.614 85.2 21.559
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Table 3.3 Average above-ground tree biomass component parameters per trial and species

Trial

Above ground water content (%)

Above ground dry mauss (kg/tree)

Species Leaf Branch Dead Bark Bole Total Leaf Branch Dead Bark Bole Total
10| £. deanei 54.6 50.8 13.3 674 50.0 51.5 6.206 12.044 6.072 10.535 92.171| 127.029
10| E. dunnii 59.0 51.1 18.0 66.5 52.2 54.6 3.618 7.668 0.848 12.724 80.574| 105433
10| E. elata 55.2 49.1 16.4 61.6 53.1 534 5.082 11.963 2.370 11.017 73.945| 104.377
10| E. fastigata 54.2 50.7 16.1 61.0 52.0| 52.1 5.342 10.594 3.775 8.381 79.255| 107.348
10| E. grandis 584 48.7 14.7 66.0 51.8 52.9 3.534 6.756 3.269 8.562 76.793 98.913
10| E. macarthuii 54.6 47.8 13.7 63.8 48.6 504 5.142 14.258 3.886 13.882 93.026| 130.193
10| E. nitens 52.1 47.0 15.3 60.6 49.7 49.5 7.587 15.368 8.333 11.945 96.557| 139.790
10| E. saligna 61.0 50.7 15.9 65.1 48.4 50.6 2.144 7.143 2.522 8.381 71.602 91.792
10| E. smithii 52.3 429 14.7 59.5 45.9 46.8 6.683 18.097 4.408 13.364| 133.154] 175.707
10| E. viminalis 58.7 50.2 15.2 67.1 49.0 52.1 2.618 5.647 0.989 9.043 63.110 81.407
10 Mean 56.0 48.9 15.3 63.9 50.1 51.4 4.796 10.954 3.647 10.783 86.019| 116.199
11| E. deanei 61.7 56.5 23.1 69.4 52.2 54.7 5.745 11.952 4.871 7.297 57.564 87.429
11| E. dunnii 64.4 52.4 15.1 64.9 49.9 53.4 4.209 8.402 1.415 16.039 82,725 112.790
11| E. elata 60.4 52.8 30.8 61.3 54.2 54.6 2.440 8.576 2.307 5.995 40.185 59.502
11| E. fastigata 62.1 52.5 26.1 60.6 51.7 524 3.162 9.266 3.570 5.316 44.023 65.337]
11| E. grandis 65.7 56.4 29.1 64.6 514 53.8 2.629 6.761 1.890 8.663 68.487 88.429
11| E. macarthurii 59.4 51.8 24.0 66.3 48.6 52.1 4.602 14,065 3.167 12.989 74.307, 109.130
11| E. nitens 53.7 46.7 23.1 61.6 50.5 49.9 9.795 18.288 12.942 11.441 98.880| 151.347
11| E. saligna 63.7 55.3 30.0 70.4 511 54.5 3.386 8.274 1.400 8.633 73.653 95.346
11| E. smithii 56.7 46.7 22.2 60.8 48.0 49.0 8.018 24.627 6.226 11.243 87.292| 137.406
11| E. viminalis 61.6 50.4 244 67.3 47.5 51.0 4224 10.416 4.159 11.156 76.368| 106.323
11| Mean 60.9 52.1 24.8 64.7 50.5 52.5 4.821 12.063 4.195 9.877 70348 101.304
12 | E. deanei 53.8 53.8 25.1 70.8 54.4 55.8 8.000 13.936 3.621 11.181] 110.418| 147.156
12 | E. dunnii 55.7 50.5 26.2 69.0 51.6 54.2 7.464 11.789 0.566 23.690| 193.738| 237.161
12| E. elata 61.3 51.2 18.1 64.0 52.9 54.1 8.570 23.089 3.961 19.757| 163.040| 218.418
12| E. fastigata 57.6 52.5 20.6 68.0 56.8 56.9 8.126 16.308 4.631 10.600| 135.213| 174.877
12| E. grandis 61.2 52.8 26.1 70.3 52.1 54.3 6.989 12.191 2.462 11486 130.284| 163.412
\2| E. macarthurii 56.8 50.3 18.8 70.1 51.1 52.9 2.733 4.891 6.630 11.146 97.024| 122.425
12| E. nitens 50.0 46.7 22.2 65.] 53.2 53.5 2.334 4.087 2.206 5.941 56.127 70.695
12 | E. saligna 60.1 52.1 16.6 70.7 55.8 56.5 3.987 11.898 5.144 10.538] 111.425] 142.991]
12 | E. smithii 58.6 49.2 229 65.3 50.0 51.2 10.890 20.165 7.324 16.693| 222.558| 277.630
12| E. viminalis . 57.2 50.2 22.5 68.8 52.0 54.7 5.780 7.718 1.551 18.951 133.723| 167.722
12| Mean 57.2 50.9 21.9 68.2 53.0 54.4 6.487 12.607 3.809 13.998) 135.355| 172.249
F prob. (Species) <0.001] <0.001 0.659 <0.001] <0.001| <0.001 0.001] <0.001| <0.001] <0.001 <0.001] <0.001
F prob. (Spp. x Trial) 0.0031 0.079 0.259 0.027 0.108 0.046 0.018] <0.001] <0.001| <0.001 0.002] <0.001]
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Table 3.3 Average above-ground tree biomass component parameters per trial and species
. Above ground water content (%) Above ground dry mass (kg/tree)
Trial Species Leaf Branch Dead Bark Bole Total Leaf Branch Dead Bark Bole Total
13| E. deanei 57.6 49.7 224 66.3 52.1 53.1 3.250 6.622 2329 | 3.984 23.415 39.600
| 13| E. dunnii 58.5 54.4 26.8 67.8 534 54.9 4.292 7.594 0.366 6.494 41.258 59.877
13 |E. elata 60.6 52.1 23.3 61.4 53.5 542 3.345 9.252 1.023 3.408 24259 41.289
13| E. fastigata 58.7 49.2 20.4 59.5 499 50.8 2.204 5.501 1.195 2.833 22.040 33.773
13 |E. grandis 61.3 56.4 23.2 66.9 50.5 52.7 3.353 6.904 0.768 5.076 37.132 53.233
13 | E. macarthurii 58.1 494 22.8 67.1 53.5 54.3 3.767 7.342 3.862 6.742 37.605 59318
13 | E. nitens 55.1 52.3 25.4 63.0 52.5 52.0 3.819 8.420 3.604 2.592 15.513 33.947
13 | E. saligna 61.7 54.8 25.3 68.5 50.0 53.1 3.954 7.455 1.743 5.520 51.151 69.823
13 | E. smithii 51.9 48.1 20.2 61.4 453 474 4.489 8.470 1.464 4.370 41.930 60.723
13| E. viminalis 58.7 53.0 21.2 66.9 51.5 54.5 4.614 8.384 0.656 4.694 27.024 45.372
| 13| Mean 58.2 52.0 23.1 64.9 51.2 52.7 3.709 7.594 1.701 4.571 32.133 49.696
14 | E. deanei 56.3 57.3 204 69.7 50.4 52.4 2.111 4.664 4512 4.853 43.118 59.259
14 | E. dunnii 55.1 54.2 19.1 65.9 48.6 52.0 2.497 5.388 1.887 12.121 70.569 92.462
14 | E. elata 53.0 50.5 20.8 58.3 52.3 523 4.858 15.659 2.244 9.591 56.501 88.854
14| E. fastigata 52.4 51.1 17.8 63.2 514 514 6.669 12.966 7.258 8.765 94.288| 129.947
14| E. grandis 56.3 54.2 19.0 66.4 52.6 53.9 2.915 7.029 2.836 6.384 47.264 66.429
14 | E. macarthurii 58.3 53.5 26.3 67.0 49.0 52.1 3.269 9.759 2211 7.427 55.128 77.794
14| E. nitens 48.6 49.7 19.6 65.9 55.8 544 8.265 13.903 10.715 11.254] 102.246| 146.383
14| E. saligna 58.5 52.3 18.5 67.1 50.5 51.4 2.972 9.248 6.519 6.080 53.410 78.229
\ 14 | E. smithii 47.2 48.5 19.6 62.1 48.3 48.9 5.461 11.583 4.689 9.031 92.548 123.312
" 14|E. viminalis 53.0 48.8 20.7 65.5 46.4 494 4.071 7.845 3.302 10.053 67.978 93.249
14| Mean 53.9 52.0 20.2 65.1 50.5 51.8 4.309 9.804 4.617 8.556 68.305 95.592
10-14 | E. deanei 56.8 53.6 20.8 68.7 51.8 53.5 5.063 9.844 4281 7.570 65.337 92.095
10-14 | E. dunnii 58.5 52.5 21.0 66.8 511 53.8 4416 8.168 1.016 14.214 93.773 |  121.544
10-14 E. elata 58.1 51.2 21.8 61.3 53.2 53.7 4.859 13.708 2.381 9.954 71.586| 102.488
10-14 | E. fastigata 57.0 51.2 20.2 62.5 524 52.7 5.100 10.927 4.086 7.179 74.964| 102.256
10-14 | E. grandis 60.6 53.7 22.4 66.8 51.7 53.5 3.884 7.928 2.245 8.034 71.992 94.083
10-14 | E. macarthurii 57.5 50.6 21.1 66.9 50.2 524 3.903 10.063 3.951 10.437 71.418 99.772
10-14 | E. nitens 51.9 48.5 21.1 63.2 52.3 51.9 6.360 12.013 7.560 8.635 73.865| 108.433
10-14 | E. saligna 61.0 53.1 213 68.4 51.1 53.2 3.289 8.804 3.466 7.830 72.248 95.636
10-14 | E. smithii 53.3 47.1 19.9 61.8 47.5 48.7 7.108 16.588 4.822 10.940| 115.496| 154.955
10-14 | E. viminalis 57.8 50.5 20.8 67.1 49.3 52.3 4.261 8.002 2.132 10.779 73.641 98.815
57.3 51.2 21.1 65.4 51.1 52.6 4.824 10.605 3.594 9.557 78.432  107.008
SE (dbm): w/i trial 2.07 2.14 3.67 1.62 2.11 1.68 2.0280 3.6310 1.5813 2.2664| 243747| 30.8075
SE (dbm): bet. trials 0.93 0.96 1.64 0.73 0.94 0.75 0.9070 1.6238 0.7072 1.0136] 10.9007| 13.7775
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Table 3.4. Average sample tree density per disc sample height

. . Sample disc section Weighted
Trial Species 1.3m 25% height 75% height Scm top mean
10| E. deanei 0.558 0.560 0.548 0.534 0.557
10 | E. dunnii 0.522 0.533 0.543 0.531 0.530
10| E. elata 0.502 0.518 0.508 0.492 0.507
10| E. fastigata 0.538 0.537 0.537 0.530 0.538
10| E. grandis 0.456 0.436 0.467 0.501 0.451
10| E. macarthurii 0.580 0.587 0.561 0.570 0.580
10 | E. nitens 0.55] 0.545 0.584 0.582 0.555
10| E. saligna 0.516 0.488 0.518 0.530 0.507
10| E. smithii 0.604 0.612 0.623 0.630 0.611
10 | E. viminalis 0.578 0.573 0.548 0.558 0.571
10| Mean 0.540 0.539 0.544 0.546 0.541
11| E. deanei 0.516 0.522 0.504 0.507 0.516
11| E. dunnii 0.549 0.561 0.546 0.528 0.551
11|E. elata 0.479 0.482 0.459 0.449| 0.475
11| E. fastigata 0.542 0.533 0.534 0.546 0.537
11| E. grandis 0.478 0.454 0.454 0.487 0.467
11| E. macarthurii 0.568 0.573 0.535 0.545 0.565
11| E. nitens 0.530 0.541 0.526 0.547 0.533
11| E. saligna 0.522 0.515 0.492 0.471 0.511
11| E. smithii 0.570 0.572 0.579 0.583 0.573
11|E. viminalis 0.592 0.577 0.595 0.600 0.588
11| Mean 0.534 0.533 0.523 0.526 0.532
12 | E. deanei 0.513 0.511 0517 0.491 0.510
12 | E. dunnii 0.517 0.516 0.543 0.549 0.521
12 |E. elata 0.510 0.525 0.503 0.503 0.515
| 12| E fastigata 0.480 0471 0.464 0.472 0.475
12| E. grandis 0.431 0.435 0.455 0.416 0.434
12| E. macarthurii 0.541 0.542 0.554 0.556 0.543
12| E. nitens 0.516 0.511 0.548 0.547 0.521
12| E. saligna 0421 0.403 0.442 0.433 0415
12 | E. smithii 0.561 0.576 0.576 0.576 0.568
12 | E. viminalis 0.544 0.548 0.561 0.545 0.547
12| Mean 0.503 0.504 0.516 0.509 0.505
F prob. (Species) <0.001 <0.001 <0.001 <0.001 <0.001
F prob. (Spp. x Trial) 0.013 0.013 0.013 0.013 0.05]
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Table 3.4. Average sample tree density per disc sample height

Trial Species Sample disc section Weighted
P 1.3m 25% height 75% height Scm top mean

13 | E. deanei 0.493 0.480 0.484 0.482 0.487
13| E. dunnii 0.508 0.519 0.484 0.482 0.507
13 | E. elata 0.478 0.487 0.468 0.458 0.479
13 | E. fastigata 0.510 0.509 0.503 0.508 0.508
13| E. grandis 0.425 0.420 0.427 0416 0.424
13| E. macarthurii 0.512 0.495 0.493 0.475 0.502
13 | E. nitens 0.52] 0.531 0,533 0.513 0.526
13| E. saligna 0.479 0.487 0.456 0.445 0.477
13| E. smithii 0.580 0.585 0.576 0.549 0.580
13| E. viminalis 0.523 0.528 0.499 0.495 0.519
13| Mean 0.503 0.504 0.492 0.482 0.501
14 | E. deanei 0.529 0.529 0.550 0.536 0.532
14| E. dunnii 0.575 0.572 0.545 0.603 0.571
14| E. elata 0.535 0.539 0.542 0.551 0.539
14[E. fastigata 0.541 0.540 0.547 0.555 0.542
14 | E. grandis 0.456 0.434 0.440 0.521 0.450
14| E. macarthurii 0.576 0.556 0.566 0.541 0.565
14| E. nitens 0.507 0.468 0.521 0.552 0.496
14| E. saligna 0.405 0.453 0.447 0.471 0.431
14| E. smithii 0.563 0.575 0.594 0.612 0.572
14| E. viminalis 0.602 0.595 0.601 0.597 0.600
14 Mean 0.529 0.526 0.535 0.554 0.530
10-14 | E. deanei 0.522 0.520 0.521 0.510 0.520
10-14 | E. dunnii 0.534 0.540 0.532 0.538 0.536
10-14 | E. elata 0.501 0.510 0.496 0.491 0.503
10-14 | E. fastigata 0.522 0.518 0.517 0.522 0.520
10-14 | E. grandis 0.449 0.436 0.449 0.468 0.445
10-14 | E. macarthurii 0.555 0.551 0.542 0.537 0.551
10-14 | E. nitens 0.525 0.519 0.542 0.548 0.526
10-14 | E, saligna 0.469 0.469 0.471 0.470 0.468
10-14 | E. smithii 0.576 0.584 0.590 0.590 0.581
10-14 | E. viminalis 0.568 0.564 0.561 0.559 0.565
SE (dbm): w/i trial 0.1251 0.1251 0.1251 0.1251 0.0280
SE (dbm): bet. trials 0.0071 0.0071 0.0071 0.0071 0.0109
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Table 3.5. Average nutrient concentration of selected foliar material per trial and species

. . Micronutrient (mg/kg) Macronutrient (%)
Trial - Species Fe Cu Zn Mn P Na Ca Mg K N
10| E. deanei 150 6 16 763 0.10 0.09 0.62 0.28 0.57 2.08
10| E. dunnii 78 8 23 747 0.13 0.06 0.53 0.32 1.13 2.26
10| E. elata 116 6 22 751 0.09 0.19 0.63 0.24 0.78 2.15
10| E. fastigata 82 8 11 390 0.08 0.02 0.36 0.23 0.57 1.82
10 | . grandis 69 8 20 721 0.13 0.08 0.65 0.36 0.74 2.28
10| E. macarthurii 88 9 21 769 0.15 0.05 0.50 0.20 0.86 2.66
10 | E. nitens 65 5 14 468 0.09 0.00 0.39 0.15 0.69 1.71
10 | E. saligna 92 7 14 749 0.12 0.09 0.73 0.41 0.70 1.97
10| E. smithii 126 8 17 618 0.08 0.03 0.44 0.13 0.87 1.78
10| E. viminalis 84 10 26 724 0.09 0.04 0.58 0.28 0.95 2.61
10| Mean 95 7 18 670 0.11 0.07 0.54 0.26 0.79 2.13
11| E. deanei 187 7 14 909 0.07 0.08 0.94 0.22 0.45 1.84
11| E. dunnii 169 7 14 782 0.08 0.06 0.92 0.26 0.52 1.80
11| E. elata 140 7 17 614 0.11 0.13 0.54 0.26 0.47 2.18
11| E. fastigata 110 6 8 438 0.07 0.01 0.48 0.25 0.40 1.56
11| E. grandis 172 6 12 700 0.10 0.06 0.81 0.36 0.45 1.81
11| E. macarthurii 129 10 21 810 0.12 0.06 0.59 0.19 0.68 2.41
11| E. nitens 98 5 12 506 0.09 0.01 0.56 0.18 0.49 1.61
11|E. saligna 121 9 20 613 0.13 0.07 0.74 0.43 0.57 2.17
11| E. smithii 146 6 15 427 0.09 0.06 0.46 0.13 0.46 1.96
11| E. viminalis 140 6 17 817 0.10 0.03 0.87 0.17 0.52 2.07
11| Mean 141 7 15 661 0.10 0.06 0.69 0.25 0.50 1.94
12| E. deanei 117 7 16 489 0.10 0.14 0.75 0.32 0.67 1.94
12 | E. dunnii 101 7 18 658 0.11 0.09 0.62 0.29 0.75 1.79
12| E. elata 157 9 18 748 0.11 0.18 0.66 0.28 0.70 2.31
12| E. fastigata 104 6 12 434 0.09 0.07 0.38 0.23 0.62 2.02
12 | E. grandis 113 9 18 687 0.11 0.09 0.61 0.29 0.82 1.91
12 | E. macarthurii 96 7 16 639 0.10 0.05 0.47 0.18 0.72 2.46
12 | E. nitens 80 5 20 476 0.08] 0.01 0.38 0.17 0.66 1.63
12| E. saligna 96 8 18 529 0.10 0.08 0.58 0.3] 0.73 2.07
12| E. smithii 118 10 16 388 0.10 0.07 0.41 0.14 0.96 2.06
12 E. viminalis 99 10 18 741 0.12 0.03 0.54 0.17 0.74 2.14
12| Mean 108 8 17 579 0.10 0.08 0.54 0.24 0.74 2.03
F prob. (Species) <0.001 <0.001 <0.001 <0.001 0.005 <0.001 <0.001 <0.001 <0.001 <0.001
F prob. (Spp. x Trial) 0.037 0.178 0.384 0.583 0.090 0.224 0.334 0.257 0.015 0.674
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Table 3.5. Average nutrient concentration of selected foliar material per trial and species

. . Micronutrient (mg/kg) Macronutrient (%)
Trial Species Fe Cu Zn Mn P Na Ca Mg X N

13 | E. deanei 103 7 18 873 0.11 0.29 1.25 0.27 0.51. 1.79
13 | E. dunnii 81 6 16 850 0.14 0.11 0.93 0.29 0.83 2.00
13| E. elata 108 5 23 551 0.13 0.15 0.64 0.30 0.57 1.85
13| E. fastigata 87 6 13 334 0.15 0.04 0.56 0.27 0.53 1.79
13| E. grandis 96 7 17 798 0.14 0.12 1.15 0.37 0.63 1.82

13| E. macarthurii 124 7 19 778 0.11 0.08 0.79 0.18 0.59 2.01

13| E. nitens 56 6 17 654 0.10 0.00 0.52 0.19 0.73 1.72
13| E. saligno 130 7 17 903 0.12 0.10 0.82 0.33 0.67 1.72
13| E. smithii 79 8 18 625 0.11 0.07 0.56 0.16 0.63 1.88

13 | E. viminalis 74 8 21 588 0.13 0.06 0.68 0.43 0.81 2.14
13| Mean 94 7 18 695 0.13 0.10 0.80 0.28 0.65 1.87
14| E. deanei 162 9 20 705 0.11 0.09 0.56 0.27 0.59 2.03

14| E. dunnii 164 6 15 757 0.08 0.06 0.49 0.18 0.62 1.67

14 |E. elata 183 8 14 640 0.10 0.15 0.32 0.18 0.43 1.95

14 | E. fastigata 144 4 10 - 315 0.07 0.02 0.22 0.15 0.57 1.54
14| E. grandis 150 ) 13 670 0.08 0.12 0.44 0.28 0.48 1.69

14| E. macarthurii 212 8 23 886 0.13 0.10 0.49 0.19 0.71 2.02
14 | E. nitens 138 5 13 628 0.08 0.01 0.34 0.15 0.43 1.73,
14| E. saligna 161 7 15 920 0.08 0.14 0.58 0.25 0.54 1.57]

14| E. smithii 168 9 17 395 0.08 0.06 0.23 0.11 0.53 1.67

14| E. viminalis 130 12 12 557 0.08 0.03 0.39 0.16 0.46 1.64

14| Mean 161 7 15 647 0.09 0.08 0.41 0.19 0.54 1.75
10-14 | E. deanei 144 7 17 748 0.10 0.14 0.83 0.27 0.56 1.94
10-14 | E. dunnii 119 7 17 759 0.11 0.08 0.71 0.27 0.77 1.90
10-14 | E. elata 141 7 19 661 0.11 0.16 0.56 0.25 0.59 2.09
10-14 | E. fastigata 105 6 11 382 0.09 0.03 0.40 0.23 0.54 1,74
10-14 | E. grandis 120 7 16 715 0.11 0.09 0.73 0.33 0.62 1.90
10-14 | E. macarthurii 130 8 20 776 0.12 0.07 0.57 0.19 0.71 2.31
10-14 | E. nitens 87 5 15 546 0.09 0.01 0.44 0.17 0.60 1.68
10-14 | E. saligna 120 8 17 743 0.11 0.10 0.69 0.34 0.64 1.90
10-14 | E. smithii 128 8 17 491 0.09 0.06 0.42 0.13 0.69 1.87
10-14 | E. viminalis 106 9 19 685 0.11 0.04 0.6] 0.24 0.70 2.12
120 7 17 651 0.104 0.077 0.595 0.243 0.642 1.946

SE (dbm): w/i trial 22.4 1.7 4.0 153.4 0.020 0.040 0.138 0.061 0.104 0.262
SE (dbm): bet. trials 1.0 0.8 1.8 68.6 0.009 0.018 0.062 0.027 0.047 0.117
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Table 3.6.1. Average nutrient concentration of bulk foliar material per trial and species

. . Micronutrient (mg/kg) Macronutrient (%)
Trial Species Fe Cu Zn Mn P Na Ca Mg K N

10| E. deanei 314 6 14 768 0.09 0.13 0.87 0.36 0.82 1.56
10| E. dunnii 164 8 20 799 0.15 0.09 0.56 0.26 0.92 1.94
10| E. elata 215 9 18 812 0.13 0.18 0.55 0.28 0.67 1.84
10| E. fastigata 248 8 11 429 0.10 0.04 0.38 0.23 0.58 1.55
10| E. grandis 140 10 17 777 0.11 0.11 0.74 0.37 0.78 1.70
10| E. macarthurii 347 7 22 880 0.12 0.08 0.75 0.24 0.84 1.79
10| E. nitens 394 8 19 559 0.10 0.04 0.51 0.19 0.75 1.49
10| E. saligna 346 7 21 778 0.12 0.11 0.65 0.34 0.80 1.66
101 E. smithii 258 11 18 607 0.11 0.06 0.40 0.12 0.77 1.72
10| E. viminalis 151 11 24 723 0.14 0.07 0.52 0.23 0.90 2.09
10 Mean 258 8 19 713 0.12 0.09 0.59 0.26 0.78 li‘)

- 11| E. deanei 194 6 14 1263 0.10 0.15] 2.05 0.45 0.68 1.84
11| E. dunnii 137 6 14 715 0.13 0.11 1.17 0.37 0.84 1.91
11| elata 142 6 16 513 0.15 0.18 0.84 0.37 0.67 2.15
11| E. fastigata 116 6 11 413 0.11 0.03 0.65 0.32 0.57 1.82
11| E. grandis 160 6 14 621 0.14 0.10 1.35 0.50 0.69 1.95
11| E. macarthurii 150 5 17 865 0.12 0.09 1.03 0.25 0.94 1.99|
11| E. nitens 94 4 i4 459 0.09 0.03 0.72 0.22 0.75 1.58
11|E. saligna 153 7 16 604 0.12 0.10 1.10 0.49 0.74 1.91
11| E. smithii 134 5 16 478 0.10 0.11 1.07 0.32 0.65 1.78
11| E. viminalis 138 6 16 755 0.13 0.07 1.19 0.27 0.77 2.21
11|{Mean 142 6 15 668 0.12 0.10 1.12 0.36 0.73 1.91
12| E. deanei 206 12 16 735 0.11 0.13 1.00 0.33 0.74 1.72
12| E. dunnii 119 8 15 678 0.12 0.09 0.91 0.29 0.84 1.81
12| E. elata 170 9 16 844 0.13 0.14 0.65 0.27 0.74 2.11
12| E. fastigata 143 8 11 509 0.09 0.04 0.55 0.27 0.71 1.70
12| E. grandis 156 9 14 603 0.12 0.12 0.84 0.39 0.80 1.77
12| E. macarthurii 158 9 16 784 0.13 0.09 0.72 0.24 1.01 2.16
12 | E. nitens 112 9 10 467 0.08 0.02 0.42 0.17 0.78 1.54
12| E. saligna 138 10 13 422 0.12 0.13 0.57 0.28 0.88 1.94
12| E. smithii 146 8 13 593 0.11 0.09 0.83 0.23 0.99 1.84
12| E. viminalis 129 9 14 798 0.14 0.03 0.70 0.25 0.92 2.03
12 | Mean 148 9 14 643 0.12 0.09 0.72 0.27 0.84 1.86

F prob. (Species) 0.015] <0.001 <(.001 <0.001 <0.001 <0.001] <0.00] <0.001] <0.001 <0.001

F prob. (Spp. x Trial) <0.001 0.044 0.325] <0.00] 0.279 0.002 0.016 0.792 0.003 0.229
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Table 3.6.1. Average nutrient concentration of bulk foliar material per trial and species

Trial

Species

Micronutrient (mg/kg)

Macronutrient (%)

| Fe Cu Zn Mn P Na Ca Mg K N
13| E. deanei 179 7 18 1240 0.14 0.14 1.57 0.35 0.60 1.71
13| E. dunnii 238 6 21 1097 0.18 0.07 1.43 0.31 0.72 1.73
13|E. elata 226 6 22 556 0.15 0.16 0.67 0.33 0.58 1.76
13| E. fastigata 123 7 19 325 0.17 0.06 0.49 0.29 0.64 1.85
13 |E. grandis 202 6 16 816 0.18 0.13 1.21 0.39 0.75 1.59
13| E. macarthurii 166 6 25 937 0.13 0.08 1.02 0.27 0.71 1.84
13[E. nitens 154 6 19 661 0.13 0.03 0.50 0.20 0.83 1.65
13|E. saligna 152 8 20 864 0.14 0.06 0.57 0.30 0.74 1.72
13| E. smithii 151 7 20 703 0.16 0.07 0.82 0.23 0.61 1.56
13| E. viminalis 370 10 17 800 0.15 0.05 0.97 0.32 0.70 .79
13[Mean 196 7 20 800 0.15 0.09 0.92 0.30 0.69 1.72
14 E. deanei 207 9 19 584 0.09 0.17 0.63 0.26 0.84 1.89
14| E. dunnii 176 7 17 753 0.12 0.11 0.55 0.20 1.05 1.88
14]E. elata 241 8 15 1039 0.12 0.13 0.68 0.26 0.59 1.90
14| E. fastigata 136 4 10 397 0.08 0.02 0.33 0.16 0.80 1.48
14| E. grandis 169 5 14 580 0.09 0.18 0.47 0.29 0.74 L.62
14| E. macarthurii 194 7 23 634 0.12 0.14 0.35 0.14 0.99 1.97
14[E. nitens 133 6 16 637 0.10 0.03 0.34 0.13 0.70 1.54
14|E. saligna 185 8 15 942 0.10 0.17 0.53 0.25 0.83 1.68
14| E. smithii 180 7 15 418 0.08 0.09 0.28 0.08 0.86 1.67
14| E. vimiralis 141 11 15 550 0.10 0.05 0.39 0.16 0.77 1.77
14| Mean 176 7 16 653 0.10 0.11 0.45 0.19 0.82 1.74
10-14 | E. dearei 220 8 16 918 0.11 0.14 1.23 0.35 0.74 1.74
10-14 | E. dunnii 167 7 18 808 0.14 0.10 0.92 0.29 0.88 1.85
10-14 | E. elata 199 8 17 753 0.14 0.16 0.68 0.30 0.65 1.95
10-14 [ E. fastigata 153 7 12 415 0.11 0.04 0.48 0.25 0.66 1.68
10-14 | E. grandis 166 7 15 679 0.13 0.13 0.92 0.39 0.75 1.73
10-14| E. macarthurii 203 7 21 820 0.12 0.10 0.77 0.23 0.90 1.95
10-14| E. nitens 177 7 16 557 0.10 0.03 0.50 0.18 0.76 1.56
10-14 [ E. saligna 195 8 17 722 0.12 0.12 0.68 0.33 0.80 1.78
10-14 [ E. smithii 174 7 17 . 560 0.11 0.09 0.68 0.20 0.77 1.71
10-14| E. viminalis 186 9 17 725 0.13 0.06 0.76 0.25 0.81 1.98
Mean 184 8 17 696 0.12 0.09 0.76 0.28 0.77 1.79
SE (dbm): w/i trial 41.1 1.4 2.8 146.1 0.017 0.021 0.199 0.055 0.078 0.144
SE (dbm): bet. trials 18.4 0.6 1.3 65.3 0.008 0.009 0.089 0.025 0.035 0.064
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Table 3.6.2. Average nutrient mass of bulk foliar material per trial and species

Micronutrient (g/tree)

Macronutrient (g/tree)

Trial Species Fe Cu Zn Mn P Na Ca Mg K N
10| E. deanei 0.65 0.03 0.07 321 4.91 2.93 21.90 890]  33.6] 66.98
10(E. dunnii 0.40 0.03 0.06 1.91 3.66 1.75 13.57 6.00] 2400  54.85
10| E. elata 0.72 0.02 0.05 1.78 2.47 245 14.08 721 17.01] . 35.04
10| E. fastigata 1.63 0.07 0.11 4.15 6.99 428 27.34 785 5098  110.85
10| E. grandis 0.49 0.03 0.06 2.68 3.92 384 2779 i3.68]  27.84]  60.50
10| E. macartharii 1.67 0.04 0.11 4.44 5.97 4.10 37.78 12.00]  _43.84  93.37
10]E. nitens 2.04 0.06 0.14 413 7.97 323 39.29 14.55]  57.50]  114.05
10| E. saligna 1.0 0.04 0.09 4.13 6.65 8.84]  26.87 14.02] 34.16]  94.70
10| E. smithii 136 0.04 0.06 2.16 525 2.08 19.76 12.13] 31.10]  81.96
10| E. viminalis 1.91 0.04 0.08 4.60 5.82 7.95 5447 2252 5170|9772
10 Mean 1.28 0.04 0.08 3.33 5.36 4.14]  28.33 11.89]  37.17] _ 81.00
11[E. deanei 0.35 0.01 0.04 129 364 443 20.86 8.2 16.08] 5271
T1[E. dunnii 0.60 0.02 0.06 3.11 5.35 4.92 52.40 16.30]  35.44]  78.77
11 E. elata 0.74 0.02 0.08 4.11 5.66 428 50.49 12.03] 4323 91.95
11[E. fastigaia 0.43 0.01 0.03 1.56 3.62 2.74 37.78 13.39] 1775, 48.98
U1[E. grandis 0.52 0.02 0.06 2.05 4.07 3.41 37.06 16.76]  25.15|  65.11
11TE. macarthurii 0.36 0.02 0.04 129 331 1.04]  21.08 10.26 17.99] 5728
11[E. nitens 1.10 0.03 0.08 7.65 5.66 8.90] 119.43 2628|3845, 10435
11[E. saligna 0.58 0.03 0.07 3.19 5.50 3.09] 5018 1123 32.65|  93.43
11[E. smithii 1.06 0.04 0.13 3.78 7.98 8.78 85.99]  25.79]  51.69| 14332
111 E. viminalis 0.91 0.04 0.13 4.44 9,50 339]  64.49 19791 71.04 156.07
11] Mean 0.66 0.03 0.07 3.25 5.43 450] 53.98 16.08] 3505  89.20
12| E. deanei 0.46 0.02 0.05 2.14 355 2.81 18.57 554 2862|3659
12E. dunnii 0.26 0.02 0.02 1.09 1.89 0.47 9.99 410] _18.05| 3592
12| E. elata 1.05 0.06 0.10 3.08 8.76 794]  61.26]  26.58]  56.79] 123.68
12[E. fastigata 0.56 0.04 0.05 1.73 472 502 2276 1.10] 3464 7739
12|E. grandis 178 0.08 0.12 532 8.41 1072] 7433 23.24]  55.62] 13641
12| E. macartharii 0.80 0.05 0.08 4.92 7.73 2201 41.61 13.36]  53.00]  117.31
12| E. nitens 1.46 0.07 0.14 7.33 11.07 12.06]  56.29]  23.08]  63.78 180.89
12[E. saligna 0.89 0.06 0.11 5.12 8.95 698 69.06] 21.98] 6267 13524
12| E. smithii 1.19 0.07 0.08 424 7.62 3.22] 4801 22.64]  56.64] 13734
12| E. viminalis 1.96 0.07 0.14 6.24 10.75 13.36] _ 83.65] _ 21.76] 10179 192.17
12 Mean 1.04 0.06 0.09 4.21 7.35 6.49] 4855 17.34] 5317 119.29
F prob. (Species) 0.005 0.016] <0.001 0.011 0.046| <0.001] <0.001 0.011] 0.009] 0010
F prob. (Spp. x Trial) <0.001 0.012] _0.012] __0.007] _ 0.036] 0476] _ 0.018] _ 0.002|  0040]  0.023
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Table 3.6.2. Average nutrient mass of bulk foliar material per trial and species

. . Micronutrient (g/tree) Macronutrient (g/tree)
Trial Species Fe Cu Zn Mn P Na Ca Mg K N

13 | E. deanei 0.61 0.02 0.07 2.20 4.72 1.65 20.57 7.72 31.07 56.23
13 | E. dunnii 0.56 0.02 0.06 4.52 4.26 3.86 53.90 12.00 19.50| 54.65
13| E. elata 0.77 0.02 0.08 1.87 4.89 5.33 23.23 11.25 19.32 5948

13| E. fastigata 0.68 0.02 0.05 2.73 6.09 4.43 41.77 12.95 25.18 53.67
13| E. grandis 0.97 0.02 0.09 4.60 8.18 3.04 61.26 14.07 31.39 71.97
13| E. macarthurii 0.63 0.02 0.09 3.51 5.03 2.93 39.02 10.24 26.67 69.18
13 | E. nitens 0.67 0.03 0.09 3.47 7.47 2.88 39.09 10.46 27.48 70.37
13| E. saligna 1.75 0.05 0.08 3.66 7.01 2.56 44.31 14.50 33.11 82.61
13| E. smithii 0.60 0.03 0.08 3.41 5.67 2.29 21.72 12.01 28.88 67.35
13| E. viminalis 0.29 0.01 0.04 0.90 3.86 1.59 10.02 6.19 12.80 39,29
13| Mean 0.75 0.03 0.07 3.09 5.72 3.06 35.49 11.14 25.54 62.48
14 | E. deanei 0.44 0.02 0.04 1.38 2.08 3.25 13.86 5.10 18.90 39.43
14| E. dunnii 0.44 0.02 0.04 1.88 2.87 2.77 13.66 5.17 25.89 46.69 |

14| E. elata 0.60 0.02 0.07 2.16 3.82 4.44 11.80 4.75 32.65 65.90

14 E. fastigata 0.57 0.05 0.06 2.26 4.26 2.32 15.97 6.39 3147 72.62

14| E. grandis 0.50 0.02 0.04 1.74 2.55 4.96 14,01 8.63 21.04 47.14

14| E. macarthurii 0.54 0.02 0.04 2.78 2.92 4.89 16.25 7.71 24.48 49.50

14| E. nitens 1.18 0.04 0.07 5.05 5.65 6.47 32.40 12.26 28.61 92.33

14| E. saligna 0.90 0.03 0.06 2.60 5.64 1.34 21.80 10.67 53.57 98.19

14| E. smithii 0.98 0.04 0.08 2.23 4.42 5.27 14.89 4.70 46.41 91.78

14| E. viminalis 1.12 0.06 0.13 5.24 7.98 2.61 26.48 10.78 54.83 127.92
14| Mean 0.73 0.03 0.07 2.73 4.22 3.83 18.11 7.62 33.79 73.15
10-14 | E. deanei 0.50 0.02 0.05 2.04 3.78 3.01 19.15 7.23 25.66 54.39
10-14 | E. dunnii 0.45 0.02 0.05 2.50 3.61 2.75 28.70 8.71 24.58 54.18
10-14 | E. elata 0.77 0.03 0.08 2.78 5.12 4,89 32.17 12.37 33.80 75.21
10-14 | E. fastigata 0.77 0.04 0.06 2.49 5.13 3.76 29.22 10.34 32.00 72.70
10-14 | E. grandis 0.85 0.04 0.07 3.28 5.43 5.19 42.89 15.28 32.21 76.22
10-14 | E. macarthurii 0.80 0.03 0.07 3.39 4.99 3.05 31.15 10.71 33.21 77.33
10-14 | E. nitens 1.47 0.05 0.11 5.54 7.56 6.71 57.30 17.33 43,17 112.40
10-14 | E. saligna 1.04 0.04 0.08 3.74 6.75 4.56 42.44 14.48 43.23 100.83
10-14 | E. smithii 1.04 0.05 0.09 3.17 6.19 4.33 38.07 15.46 42.94 104.35
10-14 | E. viminglis 1.24 0.04 0.11 4.30 7.58 5.78 47.82 16.21 58.63 122.63
Mean 0.89 0.04 0.08 3.32 5.61 4.40 36.89 12.81 36.94 85.02

SE (dbm): w/i trial 0.439 0.015 0.030 1.551 2.252 2.710 18.900 5.114 16.580 34.420
SE (dbm): bet. trials 0.196 0.007 0.013 0.693 1.007 1.212 8.450 2.287 7.410 15.390
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Table 3.7.1. Average nutrient concentration of branches per trial and species

. . Micronutrient (mg/kg) Macronutrient (%)
Trial Species Fe Cu Zn Mn P Na Ca Mg K N
10| E. deanei 80 3 10 571 0.02 0.04 0.24 0.11 0.54 0.17
10| E. dunnii 108 4 7 394 0.02 0.03 0.32 0.15 0.43 0.22
10| E. elata 117 8 12 ' 350 0.05 0.06 0.21 0.10 0.32 0.27
10| E. fastigata 66 4 4 353 0.02 0.04 0.15 0.12 0.34 0.23
10| E. grandis 70 5 8 370 0.01 0.06 0.27 0.13 0.44 0.22
10| E. macarthurii 83 4 7 297 0.02 0.03 0.31 0.16 0.38 0.26
10| E. nitens 95 5 8 409 0.03 0.04 0.34 0.11 0.42 0.27
10| E. saligna 75 5 7 353 0.02 0.05 0.38 0.13 0.46 0.24
10| E. smithii 108 3 7 285 0.03 0.04 0.29 0.09 0.40 0.27
10| E. viminalis 84 3 7 505 0.03 0.03 0.35 0.13 0.46 0.37
10| Mean 89 5 8 389 0.02 0.04 0.28 0.12 0.42 0.25
11| E. deanei 55 10 13 486 0.05 0.06 0.55 0.11 0.43 0.35
11| E. dunnii 39 9 7 238 0.03 0.04 0.62 0.18 0.44 0.28
11|E. elata 45 8 7 228 0.04 0.05 0.35 0.11 0.36 0.31
11| E. fastigata 53 7 6 321 0.04 0.02 0.33 0.15 0.32 0.30
11| E. grandis 62 9 8 346 0.05 0.05 0.57 0.19 0.46 0.35
11| E. macarthurii 79 9 11 309 0.04 0.02 0.45 0.12 0.46 0.25
11| E. nitens 57 7 6 190 0.02 0.03 0.50 0.10 0.37 0.27
11| E. saligna 50 10 9 293 0.04 0.04 0.65 0.24 0.47 0.33
11| E. smithii 42 6 8 234 0.03 0.04 0.52 0.10 0.30 0.27
11| E. viminalis 54 9 7 303 0.03 0.05 0.57 0.13 0.38 0.37
11| Mean 54 8 8 295 0.04 0.04 0.51 0.14 0.40 0.31
12| E. deanei 45 3 7 445 0.03 0.04 0.37 0.09 045 0.24
12 | E. dunnii 37 4 6 236 0.02 0.02 0.44 0.12 0.48 0.30
12| E. elata 53 6 9 284 0.03 0.03 0.33 0.08 0.27 0.30
12| E. fastigata 61 2 5 421 0.02 0.02 0.26 0.08 0.37 0.26
12| E. grandis 45 7 7 288 0.03 0.04 0.37 0.11 0.48 0.29
12| E. macarthurii 72 5 7 327 0.03 0.02 0.37 0.09 0.49 0.34
12| E. nitens 65 4 7 311 0.04 0.04 0.38 0.10 0.52 0.36
12 | E. saligna 57 6 5 294 0.03 0.04 0.38 0.10 0.50 0.29
12| E. smithii 50 3 8 367 0.05 0.03 043 0.09 0.45 0.29
12| E. viminalis 75 5 8 547 0.04 - 0.03 0.43 0.08 0.49 0.35
12| Mean 57 5 7 352 0.03 0.03 0.38 0.09 0.45 0.30
F prob. (Species) 0.124 <0.001 0.003 <0.001 0.451 0.013 <0.001 <0.001 <0.001 0.001]
F prob. (Spp. x Trial) 0.731 0.111 0.342 0.045 0.375 0.597 0.702 0.159]  0.006] __ 0.359]
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\Table 3.7.1. Average nutrient concentration of branches per trial and species

. . Micronutrient (mg/kg) Macronutrient (%)
Trial Species Fe Cu Zn Mn P Na Ca Mg K N

13| E. deanei 68 5 11 530 0.05 0.06 0.59 0.10 0.35] 0.25
13| E. dunnii 49 6 8 414 0.06 0.05 0.47 0.13 0.52 0.36
13| E. elata 91 7 8 197 0.05 0.03 0.44 0.12 0.51 0.34
13 | E. fastigata 60 5 12 292 0.06 0.03 0.45 0.14 0.39 0.30
13| E. grandis 73 5 8 403 0.04 0.04 0.52 0.09 0.43 0.32
13| E. macarthurii 94 6 12 473 0.06 0.05 0.60 0.18 0.40 0.38
13 | E. nitens 60 6 10 362 0.06 0.05 0.42 0.13 0.38 0.38
13| E. saligna 69 7 12 517 0.07 0.04 0.54 0.16 0.54 0.30
13 | E. smithii 72 3 8 406 0.06 0.05 0.50 0.09 0.35 0.33
13| E. viminalis 66 7 10 369 0.07 0.05 0.52 0.14 0.52 0.40
13/ Mean 70 6 10 396 0.06 0.04 0.51 0.13 0.44 0.34
14 | E. deanei 50 14 16 375 0.04 0.05 0.28 0.09 0.47 0.33
14 | E. dunnii 48 10 10 320 0.03 0.04 0.30 0.13 0.64 0.36
14 |E. elata 45 12 12 478 0.03 0.04 0.28 0.08 0.30 0.38
14| E. fastigata 47 9 8 493 0.02 0.02 0.23 0.13 047 0.3]
14 | E. grandis 57 13 11 338 0.02 0.06 0.24 0.14 0.44 0.29
14| E. macarthurii 86 10 12 414 0.03 0.05 0.20 0.07 0.46 0.39
14 | E. nitens 56 11 12 363 0.03 0.04 0.28 0.08 0.39 0.32
14 | E. saligna 62 11 11 468 0.02 0.04 0.30 0.12 0.51 0.32
14 | E. smithii 44 7 11 400 0.04 0.06 0.25 0.07 0.43 0.44
14 | E. viminalis 65 7 14 532 0.04 0.02 0.23 0.13 0.39 0.39
14| Mean 56 10 12 418 0.03 0.04 0.26 0.11 0.45 0.35
10-14 | E. deanei 60 7 11 481 0.04 0.05 0.40 0.10 045 0.27
10-14 | E. dunnii 56 7 8 321 0.03 0.04 0.43 0.14 0.50 0.30
10-14 | E. elata 70 8 10 307 0.04 0.04 0.32 0.10 0.35 0.32
10-14 | E. fastigata 57 5 7 376 0.03 0.02 0.29 0.13 0.38 0.28
10-14 | E. grandis 61 8 8 349 0.03 0.05 0.39 0.13 0.45 0.29
10-14 | E. macarthurii 83 7 10 364 0.04 0.04 0.39 0.13 0.44 0.32
10-14 | E. nitens 67 6 9 327 0.04 0.04 0.38 0.10 0.42 0.32
10-14 | E. saligna 63 8 9 385 0.04 0.04 0.45 0.15 0.50 0.30
10-14 | E. smithii 65 5 8 338 0.04 0.05 0.40 0.09 0.39 0.32
10-14 | E. viminalis 69 6 9 451 0.04 0.04 0.42 0.12 0.45 0.37
Mean 65 7 9 370 0.04 0.04 0.39 0.12 0.43 0.31
SE (dbm): w/i trial 19.3 1.5 2.2 85.5 0.012 0.015 0.083 0.031 0.063 0.051
SE (dbm): bet. trials 8.6 0.7 1.0 38.2 0.005 0.007 0.037 0.014 0.028 0.023
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| Table 3.7.2. Average nutrient mass of branches per trial and species
. . Micronutrient (g/tree Macronutrient (g/tree)
Trial Species Fe Cu Zn Mn P Na Ca Mg K N
10| E. deanei 0.95 0.04 0.12 6.88 241 4.92 28.50 13.58 66.18 20.51
10| £. dunnii 0.80 0.03 0.05 2.76 1.47 2.42 25.96 11.32 34.34 17.69
10| E. elata 1.41 0.09 0.14 4.31 5.93 7.42 25.02 11.53 38.53] . 31.99
10| E. fastigata 0.72 0.04 0.05 3.78 1.61 5.16 15.66 12.48 37.82 25.52
10| E. grandis 0.46 0.03 0.05 2.49 0.94 4.08 17.47 8.93 29.87 14.52
10| E. macarthurii 1.14 0.06 0.10 4.47 3.12 4.01 43.47 22.01 54.34 36.40
10| E. nitens 1.37 0.07 0.12 6.37 3.96 7.55 53.47 16.67 63.09 40.34
10| E. saligna 0.56 0.04 0.05 2.54 1.68 3.57 27.09 9.16 33.60 16.97
10| E. smithii 1.95 0.06 0.12 5.20 4.93 6.66 51.29 15.91 71.55 45.97
10| E. viminalis 0.47 0.02 0.04 2.90 1.49 1.79 19.32 7.43 25.74 20.79
10| Mean 0.98 0.05 0.08 4.17 2.75 4.76 30.73 12.90 45.51 27.07
11| E. deanei 0.55 0.11 0.14 5.64 5.08 6.76 66.09 13.07 49.32 39.03
11| E dunnii 0.34 0.07 0.06 2.02 3.00 2.91 51.79 15.02 39.17 23.88
11| E. elata 0.38 0.07 0.06 1.95 3.29 4.42 29.81 9.23 30.23 26.01
11| E. fastigata 0.53 0.07 0.05 3.04 3.50 1.51 30.02 13.46 29.35 27.48
11| E. grandis 0.44 0.06 0.06 2,22 3.20 3.46 38.51 12.77 31.34 23.80
11| E. macarthurii 1.12 0.13 0.15 4.34 5.74 3.11 63.21 16.99 62.85 35.23
11| E. nitens 0.87 0.12 0.12 3.10 347 7.50 82.74 17.33 61.57 46.08
11| E. saligna 0.39 0.08 0.07 2,22 3.50 3.39 53.17 19.62 37.49 27.90
11| E. smithii 1.02 0.14 0.20 - 5.77 7.79 10.42 121.57 23.53 73.31 65.35
11| E. viminalis 0.53 0.09 0.07 3.01 3.04 4.72 57.06 13.63 39.98 38.17
11 | Mean 0.62 0.09 0.10 3.33 4.16 4.82 59.40 15.47 45.46 35.29
12 | E. deanei 0.67 0.05 0.12 5.90 4.09 5.32 51.64 12.21 59.17 35.93
12| E. dunnii 0.44 0.05 0.07 2.64 2.61 2.63| 50.19 14.23 55.84 34.64
12 | E. elata 1.21 0.14 0.20 6.59 7.76 6.74 76.10 17.82 61.28 69.98
12| E. fastigata 0.88 0.04 0.08 7.13 2.72 242 40.05 12.72 60.67 43.57
12| E. grandis 0.51 0.08 0.09 3.50 3.58 4.60 42.73 12.33 57.39 33.66
12| E. macarthurii 0.33 0.03 0.04 1.70 1.61 1.07 18.10 4.45 23.51 16.23
12| E. nitens 0.27 0.02 0.03 1.24 1.71 1.56 15.10 4.11 21.01 14.42
12| E. saligna 0.68 0.07 0.06 3.28 3.26 4.76 42.71 10.86 59.47 34.82
12 | E. smithii 1.55 0.08 0.17 7.13 12,22 10.11 89.46 26.37 96.41] 59.64
12| E. viminalis 0.66 0.04 0.06 4.40 3.39 2.86 35.12 6.86 38.63 27.85
12 Mean 0.72 0.06 0.09 4.35 4.30 4.21 46.12 12.20 53.34 37.07
F prob. (Species) <0.001 <0.001 <0.001 0.001 0.002 0.001 <0.001 0.363 0.030| <40.001
F prob. (Spp. x Trial) 0.104 0.001 0.013 0.003 0.813 0.844| <0.00] 0.229 0.038 0.024
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Table 3.7.2. Average nutrient mass of branches per trial and species
Micronutrient (g/tree) :

Trial

Species

Macronutrient (g/tree)

Fe Cu Zn Mn P Na Ca Mg K N
13| E. deanei 0.48 0.03 0.07 3.47 3.15 3.63 39.57 6.46 23.01| 16.54
13| E. dunnii 0.37 0.05 0.06 3.40 4.52 3.95 36.96 10.53 39.99 27.53
13| E. elata 0.95 0.06 0,08 1.94 4.56 2.62 44 .41 11.44 49.46 - 31.72
13| E. fastigata 0.35 0.02 0.05 1.30 3.43 2.30 19.71 6.26 19.76 15.90
13| E. grandis 0.45 0.03 0.05 2.84 2.59 2.45 33.38 5.89 29.39 23.39
13| E. macarthurii 0.69 0.04 0.09 3.49 4.15 3.90 44.12 13.38 29.14 28.05
13| E. nitens 0.48 0.04 0.07 3.07 4.55 2.61 33.18 9.98 36.08 31.10
13 | E. saligna 0.52 0.05 0.09 3.69 4.88 2.71 40.02 11.88 40.08 21.79
13| E. smithii 0.60 0.03 0.06 3.54 4,98 4.50 42.37 7.68 29.01 26.59
13| E. viminalis 0.53 0.06 0.08 3.12 5.60 4.13 41.88 11.70 42.75 34.44
13| Mean 0.54 0.04 0.07 2.99 4.24 3.28 37.56 9.52 33.87 25.71
14 | E. deanei 0.23 0.07 0.07 1.73 1.99 2.12 14.22 4.62 22.24 15.62
14| E. dunnii 0.25 0.05 0.06 1.74 1.63 2.12 16.16 6.83 34.44 19.32
14| E. elata 0.66 0.18 0.19 6.83 5.16 5.50 41.62 11.99 44,15 59.63|
14| E. fastigata 0.63 0.11 0.10 6.76 2.96 1.98 31.24 17.30 62.68 39.08]
14| E. grandis 0.41 0.09 0.07 2.38 141 4.49 17.63 10.37 30.05 21.10
14| E. macarthurii 0.84 0.10 0.11 3.92 3.25 4.85 19.65 7.23 45.50 36.73
14 | E. nitens 0.76 0.15 0.16 5.05 4.15 5.61 38.42 12.05 52.71 44.95
14| E. saligna 0.57 0.11 0.10 4.20 2.43 4.04 28.85 11.98 47.14 29.50
14 | E. smithii 0.54 0.08 0.14 4.67 4,12 7.40 27.49 8.62 49.19 50.94
14| E. viminalis 0.51 0.06 0.11 4.24 2.89 1.94 19.24 10.08 30.76 30.59]
14| Mean 0.54 0.10 0.11 4.15 3.00 4.00 25.48 10.10 41.89 34.75
10-14 | E. deanei 0.58 0.06 0.10 4.72 3.34 4.55 40.00 9.99 43.99 25.53
10-14 | E. dunnii 0.44 0.05 0.06 2.51 2.65 2.80 36.21 11.58 40.76 24.61
10-14 | E. elata 0.92 0.11 0.13 4.32 5.34 5.34 43.39 12.40 44.73 43.87
10-14 | E. fastigata 0.62 0.06 0.07 4.40 2.85 2.67 27.34 12.44 42.06 30.31
10-14 | E. grandis 0.26 0.06 0.06 2.69 2.35 3.82 29.94 10.06 35.61 23.29
10-14 | E. macarthurii 0.82 0.07 0.10 3.58 3.58 3.39 37.77 12.81 43.07 30.53
10-14 | E. nitens 0.75 0.08 0.10 3.77 3.57 4.97 44.58 12.03 46.89 35.38
10-14 | E. saligna 0.54 0.07 0.08 3.18 3.15 3.69 38.37 12.79 43.55 26.19
10-14 | E. smithii 1.13 0.08 0.14 5.26 6.81 7.82 66.44 16.42 63.89 49.70
10-14 | E. viminalis 0.54 0.05 0.07 3.53 3.28 3.09 34.52 9.94 35.57 30.37
Mean 0.68 0.07 0.09 3.80 3.69 4.21 39.86 12.04 44.01 31.98
SE (dbm): w/i trial 0.326 0.026 0.039 1.540 2.428 2.695 14.880 5.744 16.960 11.640
SE (dbm): bet. trials 0.146 0.012 0.017 0.689 1.086 1.205 6.650 2.582 7.590 5.200
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Table 3.8.1. Average nutrient concentration of on-tree dead matter per trial and species
. . Micronutrient (mg/kg) Macronutrient (%)
Trial Species Fe Cu Zn Mn P Na Ca Mg K N

10| E. deanei 110 4 9 351 0.01 0.00 0.18 0.09 0.17 0.14
10| E. dunnii 144 3 6 271 0.00 0.01 0.27 0.15 0.25 0.15
10| E. elata 141 4 11 138 0.00 0.00 0.26 0.11 0.06 0.25
10| E. fastigata 148 2 5 219 0.00 0.00 0.15 0.06 0.05 0.19]
10| E. grandis 87 3 5 292 0.00 0.01 0.24 0.07 0.08 0.14
10| E. macarthurii 86 3 8 279 0.00 0.00 0.23 0.11 0.23 0.17
10| E. nitens 159 3 8 196 0.00 0.00 0.34 0.09 0.09 0.19
10| E. saligna 84 3 9 285 0.00 0.01 0.30 0.12 0.19 0.17
10| E. smithii 172 3 7 234 0.00 0.00 0.19 0.04 0.05 0.16
10| E. viminalis 123 3 8 339 0.01 0.00 0.29 0.10 0.06 0.18
10| Mean 125 3 8 260 0.00 0.00 0.25 0.09 0.12 0.17
11| E. deanei 53 3 9 394 0.00 0.01 0.56 0.12 0.16 0.15
11| E. dunnii 121 3 12 235 0.01 0.00 0.57 0.13 0.08 0.17
11| E. elata 111 3 4 124 0.01 0.00 0.26 0.09 0.05 0.18
11| E. fastigata 46 2 S 173 0.01 0.01 0.25 0.11 0.21 0.16|
11| E. grandis 60 3 5 137 0.01 0.01 0.37 0.08 0.15 0.16]
11| E. macarthurii 56 3 9 341 0.01 0.03 0.35 0.14 0.33 0.19
11| E. nitens 66 2 6 145 0.00 0.02 0.46 0.09 0.10 0.15
11| E. saligna 60 2 4 119 0.0] 0.02 0.27 0.14 0.06 0.12
11| E. smithii 66 2 5 186 0.00 0.02 0.35 0.07 0.12 0.12
11 | E. viminalis 70 2 5 237 0.00 0.02 0.44 0.11 0.14 0.16
11| Mean 71 3 6 209 0.01 0.01 0.39 0.11 0.14 0.16
12| E. deanei 115 6 9 260 0.00 0.01 0.54 0.17 0.06 0.17
12| E. durnii 229 7 13 124 0.01 0.02 0.40 0.23 0.12 0.29
12 | E. elatu 88 5 8 113 0.01 0.00 0.23 0.07 0.01 0.16
12| E. fasticata 92 3 11 224 0.00 0.00 0.16 0.06 0.02 0.19
12| E. grandis 87 4 6 128 0.00 0.01 0.27 0.12 0.07 0.17
12| E. macarthurii 86 7 9 157 0.01 0.01 0.32 0.10 0.21 0.20
12| E. nitens 106 6 12 270 0.01 0.01 0.35 0.14 0.13 0.29
12 | E. saligna 133 5 8 106 0.00 0.00 0.28 0.08 0.04 0.13
12| E, smithii 74 S 8 178 0.00 0.00 0.14 0.02 0.13 0.17
12 | E. viminalis 130 7 13 249 0.01 0.00 0.39 0.11 0.10 0.23
12| Mean 114 6 10 181 0.01 0.01 0.31 0.11 0.09 0.20

F prob. (Species) ‘ 0.153 0.552 0.287| <0.001 0.813 0.021| <0.001 <0.001] <0.001 <0.001

F prob. (Spp. x Trial) \ 0.230 0.991 0.010 *0.002 0.431 0.702 0.005| <0.001 0.172 0.009
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Table 3.8.1. Average nutrient concentration of on-tree dead matter per trial and species

. . Micronutrient (mg/kg) Macronutrient (%)
Trial Species Fe Cu Zn Mn P Na Ca Mg K N

13| E. deanei 113 5 13 388 0.02 0.02 0.60 0.08 0.13 0.22
13| E. durnii 89 4 7 184 0.01 0.03 0.42 0.12 0.19| 0.20
13 |E. elata 94 5 10 178 0.02 0.01 0.38 0.08 0.03 0.23
13| E. fastigata 88 3 12 291 0.02 0.01 0.39 0.11 0.06 0.21
13| E. grandis 90 4 15 165 0.03 0.03 0.44 0.16 0.09 0.16
13| E. macarthurii 170 6 10 546 0.02 0.02 0.57 0.16 0.07 0.24
13 | E. nitens 130 4 14 224 0.02 0.01 0.56 0.10 0.07 0.31
13 | E. saligna 108 5 13 206 0.01 0.02 0.49 0.12 0.12 0.22
13| E. smithii 86 3 7 293 0.02 0.02 0.42 0.06 0.10 0.22
13| E. viminalis 96 3 9 305 0.02 0.02 0.53 0.11 0.11 0.25
13| Mean 106 4 11 278 0.02 0.02 0.48 0.11 0.10 0.23
14| E. deanei 133 4 9 240 0.01 0.01 0.17 0.02 0.09 0.14
14| E. dunnii 93 6 6 196 0.01 0.03 0.22 0.04 0.21 0.17
14| E. elata 139 5 14 250 0.01 0.01 0.24 0.03 0.03 0.17
14 | E. fastigata 91 3 6 - 264 0.01 0.00 0.13 0.02 0.06 0.14
14| E. grandis 79 8 10 233 0.01 0.02 0.12 0.05 0.07 0.12
14| E. macarthurii 75 4 7 228 0.01 0.02 0.14 0.04 0.11 0.15
14| E. nitens 94 4 9 242 0.00 0.02 0.20 0.04 0.05 0.14
14 | E. saligna 68 5 8 201 0.01 0.03 0.12 0.04 0.12 0.14
14| E. smithii 64 4 7 328 0.01 0.02 0.22 0.03 0.11 0.14
14| E. viminalis 58 2 7 273 0.01 0.03 0.14 0.05 0.14 0.14
14| Mean 89 5 8 246 0.01 0.02 0.17 0.04 0.10 0.15
10-14 | E. deanei 105 5 10 327 0.008 0.010 0.409 0.095 0.121 0.165
10-14 | E. dunnii 135 5 9 202 0.009 0.019 0.375 0.137 0.170 0.195
10-14 | E. elata 115 4 9 161 0.009 0.004 0.275 0.077 0.037 0.196
10-14 | E. fastigata 93 3 8 234 0.009 0.005 0.217 0.071 0.077 0.177
10-14 | E. grandis 81 4 8 191 0.009 0.015 0.288 0.097 0.093 0.151
10-14 | E. macarthurii 94 5 9 310 0.010 0.015 0.325 0.109 0.192 0.193
10-14 | E. nitens 111 4 10 215 0.007 0.011 0.380 0.091 0.088 0.213
| 10-14|E. saligna 91 4 8 183 0.007 0.014 0.292 0.099 0.107 0.158
10-14 | E. smithii 92 4 7 244 0.007 0.012 0.265 0.044 0.100 0.161
10-14 | E. viminalis 95 3 8 281 0.009 0.015 0.359 0.095 0.112 0.189
Mean 101 4 9 235 0.01 0.01 0.32 0.09 0.11 0.18
SE (dbm): w/i trial 40.2 2.1 2.7 63.8 0.005 0.010 0.074 0.026 0.068 0.032
SE (dbm): bet. trials 18.0 1.0 1.2 28.6 0.002 0.004 0.033 0.012 0.030 0.014
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Table 3.8.2. Average nutrient mass of on-tree dead matter per trial and species

Micronutrient (g/tree)

Macronutrient (g/tree)

Trial Species Fe Cu Zn Mn P Na Ca Mg K N

10| E. deanei 0.75 0.02 0.06 2.16 0.28 0.14 11.28 5.31 8.68 8.77
10| E. dunnii 0.12 0.00 0.01 0.23 0.00 0.05 2.41 1.35 2.00 1.23
10| E. elata 0.34 0.01 0.03 0.31 0.07 0.00 5.66 2.25 1.31 6.30
10| E. fastigata 0.57 0.01 0.02 0.80 0.16 0.00 5.66 2.20 1.75 7.22
10| E. grandis 0.30 0.01 0.02 0.93 0.00 0.19 7.70 2.28 2.47 4.55
10| E. macarthurii 0.33 0.01 0.03 1.04 0.00 0.00 8.75 4.00 11.86 6.55
10| E. nitens 1.53 0.03 0.07 1.74 0.00 0.00 29.61 7.49 6.97 16.42
10| E. saligna 0.20 0.01 0.03 0.77 0.11 0.20 7.73 3.14 554 431
10| E. smithii 0.75 0.02 0.03 1.05 0.06 0.00 8.29 1.68 1.77 6.37
10| E. viminalis 0.11 0.00 0.01 0.34 0.07 0.00 2.83 0.95 0.62 1.71
10| Mean 0.50 0.01 0.03 0.94 0.07 0.06 8.99 3.06 4.30 6.34
11| E. deanei 0.25 0.02 0.04 1.90 0.20 0.81 26.45 5.85 8.28 7.31

B 11| E. dunnii 0.22 0.01 0.01 0.31 0.01 0.00 10.87 2.33 0.99 2.37
11\ E elata 0.23 0.01 0.01 0.27 0.24 0.08 5.93 2.04 1.06 4.08
11| E. fastigata 0.17 0.01 0.02 0.63 0.29 0.53 9.13 4.35 7.29 5.50
11| E. grandis 0.10 0.01 0.01 0.27 0.21 0.34 6.87 1.65 4.09 3.19
11| E. macarthurii 0.20 0.01 0.03 1.21 0.13 0.90 13.35 4.44 10.82 5.76
11| E. nitens 0.86 0.03 0.08 1.92 0.00 2.42 59.20 11.12 13.89 19.32
11| E. saligna 0.09 0.00 0.01 0.16 0.09 0.19 4.57 2.05 0.75 1.36
11| E. smithii 042 0.01 0.03 1.17 0.19 1.07 22.00 4.15 7.15 7.33
11| E. viminalis 0.28 0.01 0.02 0.98 0.11 0.72 18.93 4,71 5.63 6.40
11| Mean 0.28 0.01 0.03 0.88 0.15 0.70 17.73 4.27 6.00 6.26
12| E. deanei 0.44 0.03 0.03 0.99 0.09 0.18 19.75 5.60 2.38 6.24
12| E. dunnii 0.11 0.00 0.01 0.05 0.06 0.18 2.12 1.42 0.81 1.43
12| E. elata 0.34 0.02 0.03 0.45 0.21 0.00 9.38 2.89 0.58 6.39
12| E. fastigata 0.48 0.01 0.05 1.08 0.24 0.00 8.01 2.18 0.79 8.96
12| E. grandis 0.21 0.01 0.01 0.38 0.05 0.16 6.83 2.90 1.84 4.13
12| E. macarthurii 0.49 0.03 0.06 0.95 0.59 0.90 17.66 8.33 16.52 12.67
12 | E. nitens 0.23 0.02 0.02 0.64 0.22 0.29 7.81 3.39 3.15 6.56
12 | E. saligna 0.66 0.03 0.04 0.59 0.13 0.00 14.45 4.05 1.8] 6. ST
12| E. smithii 0.56 0.04 0.06 1.30 0.00 0.00 10.25 1.21 9.06 12.41]
12| E. viminalis 0.20 0.01 0.02 0.36 0.11 0.03 6.08 1.77 1.30 3.74
12| Mean 0.37 0.02 0.03 0.68 0.17 | 0.17 10.23 3.37 3.82 6.94

F prob. (Species) <0.001 <0.001 <0.001 <0.001 0.116 0.019 <0.001 <(.001 <0.001 <0.001
F prob. (Spp. x Trial) 0337] __0.810] ___0.631] __0.072] _ 0.640] _ 0.348] <0.001| _ 0.285| 0275 _ 0.184
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Table 3.8.2. Average nutrient mass of on-tree dead matter per trial and species

Micronutrient (g/tree)

Macronutrient (g/tree)

Trial Species Fe Cu Zn Mn P Na Ca Mg K N
13| E. deanei 0.26 0.01 0.03 0.89 0.47 0.44 13.62 1.75 3.68| 5.19
13| E. dunnii 0.03 0.00 0.00 0.07 0.05 0.18 1.71 0.50 0.81 0.77
13| E. elata 0.09 0.00 0.01 0.17 0.15 0.10 3.78 0.76 0.33 2.19
13| E. fastigata 0.11 0.00 0.02 0.42 0.26 0.12 5.03 1.40 0.73 2.71
13| E. grandis 0.06 0.00 0.01] 0.13 0.23 0.18 3.67 1.25 0.66 1.48
13| E. macarthurii 0.38] 0.02 0.04 2.05 0.77 0.70 22.61 6.34 2.59 8.52
13| E. nitens 0.49 0.01 0.05 0.87 0.72 0.36 20.36 3.24 2.20 11.94
13| E. saligna 0.22 0.01 0.02 0.34 0.20 0.25 8.51 1.92 1.20 4.01
13| E. smithii 0.11 0.00 0.01 0.52 0.29 0.32 5.80 0.83 1.35 2.87
13| E. viminalis 0.06 0.00 0.01 0.22 0.13 0.13 3.47 0.76 0.68 1.54
13| Mean 0.18 0.01 0.02 0.57 0.33 0.28 8.86 1.88 1.42 4.12
14| E. deanei 0.62 0.02 0.04 0.96 0.36 0.43 7.95 0.53 3.61 6.59
14| E. dunnii 0.19 0.01 0.01 0.34 0.19 0.55 4,32 0.79 3.66 341
14| E. elata 0.32 0.01 0.03 0.62 0.22 0.11 6.35 0.89 0.86 3.78
14| E, fastigata 0.69 0.02 0.05 2.04 0.73 0.22 9.66 1.90 4.14 9.26
14| E. grandis 0.19 0.02 0.02 0.61 0.09 0.57 2.28 1.30 2.32 3.07
14 | E. macarthurii 0.15 0.01 0.02 0.44 0.22 0.42 2.62 0.48 2.86 3.35
14 | E. nitens 1.00 0.04 0.10 2.57 0.34 1.75 20.91 3.82 5.29 15.05
14| E. sgligna 0.44 0.03 0.04 1.33 0.45 1.56 8.03 2.68 8.05 8.72
14| E. smithii 0.32 0.02 0.04 1.72 0.47 0.75 11.35 1.41 5.35 6.61
14 | E, viminalis 0.20 0.01 0.03 0.91 0.21 1.16 4.83 1.69 4.71 4.59
14| Mean 0.41 0.02 0.04 1.15 0.33 0.75 7.83 1.55 4.09 6.44
10-14 | E. dearei 0.46 0.02 0.04 1.38 0.28 0.40 15.81 3.81 5.33 6.82
10-14 | E. dunnii 0.13 0.01 0.01 0.20 0.06 0.19 4,29 1.28 1.65 1.84
10-14 | E. elata 0.26 0.01 0.02 0.36 0.18 0.06 6.22 1.76 0.83 4.55
10-14 | E. fastigata 0.40 0.01 0.03 0.99 0.34 0.17 7.50 2.41 2.94 6.73
10-14 | E. grandis 0.17 0.01 0.01 0.46 0.12 0.29 5.47 1.88 2.28 3.28
10-14 | E. macarthurii 0.31 0.01 0.04 1.14 0.34 0.58 13.00 4.72 8.93 7.37
10-14 | E. nitens 0.82 0.03 0.06 1.55 0.26 0.96 27.58 5.81 6.30 13.86
10-14 | E. saligna 0.32 0.02 0.03 0.64 0.20 0.44 8.66 2.77 3.47 5.05
10-14 | E. smithii 0.43 0.02 0.03 1.15 0.20 0.43 11.54 1.86 4.94 7.12
10-14 | E. viminalis 0.17 0.01 0.02 0.56 0.13 0.41 7.23 1.98 2.59 3.60
Mean 0.35 0.01 0.03 0.84 0.21 0.39 10.73 2.83 3.92 6.02
'SE (dbm): w/i trial 0.274 0.011 0.022 0.533 0.232 0.522 6.516 2.071 3.862 3.321
'SE (dbm): bet. trials 0.123 0.005 0.010 0.238 0.104 0.234 2.914 0.926 1.727 1.485
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Table 3.9.1. Average nutrient concentration of bole bark per trial and s

ecies

. . Micronutrient (mg/kg) Macronutrient (%)
Trial Species Fe Cu Zn Mn P Na Ca Mg K N
10| E. deanei 107 3 9 1428 0.04 0.04 0.79 0.42 0.40| 0.24
10| E. dunnii 75 2 7 583 0.03 0.04 0.46 0.32 0.60 0.22
10| E. elata 68 3 9 673 0.03 0,06 0.36 0.24 0.40 0.31
10| E. fastigata 113 3 10 764 0.04 0.03 0.38 0.19 0.42 0.30
10| E. grandis 62 2 10 907 0.04 0.04 0.63 0.28 0.54 0.22
10| E. macarthurii 65 3 10 764 0.04 0.03 0.62 0.24 0.53 0.32
10| E. nitens 57 3 9 594 0.03 0.02 0.52 0.19 0.52 0.26
10| E, saligna 57 5 10 799 0.04 0.06 0.70 0.24 0.52 0.25
10| E. smithii 87 2 9 516 0.03 0.02 0.37 0.13 0.39 0.22
10| E. viminalis 61 3 9 798 0.03 0.02 0.58 0.31 0.47 0.35
10| Mean 75 3 9 783 0.03 0.04 0.54 0.26 0.48 0.27
11| E. deanei 34 3 5 1100 0.08 0.06 1.43 0.45 0.44 0.25
11| E. dunnii 33 2 4 415 0.02 0.07 1,03 0.35 0.46 022
11|E. elata 58 2 7 390 0.03 0.05 0.61 0.32 0.27 0.28
11| E. fastigata 33 3 5 651 0.04 0.04 0.63 0.33 0.36 0.29
11| E. grandis 42 3 6 524 0.04 0.08 1.40 0.25 0.51 0.24
11| E. macarthurii 57 3 11 600 0.04 0.04 1.32 0.30 0.56 0.35
11| E. nitens 38 3 9 336 0.03 0.04 1.11 0.23 0.45 0.27
11| E. saligna 52 3 6 622 0.06 0.06 1.38 0.36 0.59 0.30
11| E. smithii 45 2 6 304 0.03 0.03 0.75 0.16 0.31 0.23
11| E. viminalis 40 2 6 651 0.03 0.07 1.22 0.28 0.42 0.33
11| Mean 43 3 7 559 0.04 0.06 1.09 0.30 0.44 0.28
12| E. deanei 34 2 5 836 0.05 0.05 0.87 0.35 0.48 0.24
12| E. dunnii 66 2 6 432 0.03 0.06 0.68 0.22 0.48 0.23
12| E. elata 80 4 7 424 0.03 0.08 0.62 0.27 0.38 0.30
12| E. fastigata 54 2 5 671 0.03 0.04 0.35 0.11 0.47 0.30
12 |E. grandis 50 3 6 797 0.03 0.06 1.02 0.31 0.52 0.23
12| E. macarthurii 172 3 12 672 0.04 0.05 0.94 0.27 0.64 0.37
12| E. nitens 92 3 9 554 0.03 0.02 0.80 0.25 0.40 0.29
12 |E. saligna 100 3 7 790 0.03 0.05 1.01 0.26 0.62 0.20
12| E. smithii 34 1 6 579 0.02 0.03 0.46 0.18 0.48 0.23
12| E. viminalis 48 3 9 1033 0.05 0.05 0.80 0.22 0.42 0.34
12| Mean 73 3 7 679 0.03 0.05 0.76 0.24 0.49 0.27
F prob. (Species) 0.128 0.855| <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
F prob. (Spp. x Trial) 0.304 0.998 0.270 0.348| <0.001 0.449 0.716 0.083 0.457 0.259
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Table 3.9.1. Average nutrient concentration of bole bark per trial and s

ecies

Trial

Species

Micronutrient (mg/kg)

Macronutrient (%)

Fe Cu Zn Mn P Na Ca Mg K N
! 13| E. deanei 119 3 10 1341 0.21 0.03 1.04 0.44 041 0.25
[ 13| E. dunnii 39 2 4 729 0.07 0.05 0.84 0.39 0.56 0.24
13| E. elata 114 3 8 318 0.07 0.06 0.51 0.23 0.27 0.28
13| E. fastigata 62 4 10 655 0.06 0.03 0.46 0.32 0.35 0.25
13| E. grandis 48 4 10 588 0.16 0.05 1.09 0.37 0.45 0.24
13| E. macarthurii 138 4 10 692 0.05 0.05 0.80 0.24 0.49 0.33
13| E. nitens 108 4 12 472 0.09 0.02 0.93 0.21 0.46 0.32
13| E. saligha 25 3 7 808 0.11 0.04 1.02 0.37 0.50 0.24
13| E. smithii 138 4 9 555 0.06 0.03 0.47 0.10 0.29 0.26
13| E. viminalis 39 5 13 983 0.07 0.03 0.78 0.29 0.38 0.33
13| Mean 83 4 9 714 0.10 0.04 0.80 0.30 0.41 0.27
14| E. deanei 36 14 13 833 0.03 0.06 0.66 0.27 0.35 0.28
14| E. dunnii 43 12 10 278 0.02 0.07 0.70 0.31 0.54 0.28
14| E. elata 83 21 11 425 0.02 0.04 0.73 0.22 0.23 0.32
14 | E. fastigata 76 23 11 448 0.02 0.02 0.59 0.20 0.33 0.35
14| E. grandis 78 19 12 405 0.02 0.05 0.64 0.30 0.29 0.26
14| E. macarthurii 59 8 13 348 0.03 0.07 0.54 0.19 0.38 0.37
14| E. nitens 75 19 12 575 0.03 0.04 1.01 0.19 0.48 0.31
14| E. saligna 61 15 14 427 0.02 0.05 0.75 0.27 0.39 0.28
14| E. smithii 53 14 12 385 0.02 0.02 0.44 0.11 0.24 0.26
14| E. viminalis 40 13 12 435 0.03 0.03 0.59 0.27 0.34 0.38
14| Mean 60 16 12 456 0.02 0.05 0.67 0.23 0.36 0.31
10-14 | E. deanei 66 5 8 1107 0.08 0.05 0.96 0.38 0.42 0.25
10-14 | E. dunnii 51 4 6 487 0.03 0.06 0.74 0.32 0.53 0.24
10-14 | E. elata 81 7 8 446 0.04 0.06 0.57 0.26 0.31 0.30
10-14 | E. fastigata 68 7 8 638 0.04 0.03 0.48 0.23 0.39 0.30
10-14 | E. grandis 56 6 9 644 0.06 0.06 0.96 0.30 0.46 0.24
10-14 | E. macarthurii 98 4 11 615 0.04 0.05 0.85 0.25 0.52 0.35
10-14 | E. nitens 74 6 10 506 0.04 0.03 0.87 0.21 0.46 0.29
10-14 | E. saligna 59 6 9 689 0.05 0.05 0.97 0.30 0.53 0.25
10-14 | E. smithii 71 4 8 468 0.03 0.03 0.50 0.14 0.34 0.24
10-14 | E. viminalis 46 5 10 780 0.04 0.04 0.80 0.27 0.41 0.35
Mean 67 6 9 638 0.05 0.05 0.77 0.27 0.44 0.28
SE (dbm): w/i trial 384 4.5 1.9 173.5 0.014 0.016 0.211 0.057 0.076 0.025
SE (dbm): bet. trials 17.2 2.0 0.9 77.6 0.006 0.007 0.095 0.025 0.034 0.011
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Table 3.9.2. Average nuirient mass of bole bark per trial and species

Micronutrient (g/tree)

Macronutrient (g/tree)

Trial Species Fe Cu Zn Mn P Na Ca Mg X N
10[E. deanei 1.16 0.03 0.10 15.21 4.72 3.83 85.79 4521 41.69 25.02
10[E. dunnii 0.98 0.03 0.09 7.66 3.49 535 60.74 40.81 75.34 28.24
10| E. elata 0.75 0.03 0.10 7.30 3.61 6.49 39.47 26.13 43.95| - 34.03
10[E. fastigata 0.96 0.03 0.08 6.41 3.06 2.76 32.20 15.68 35.38 25.16
10| E. grandis 0.53 0.02 0.08 7.76 3.17 3.45 54.71 24.17 45.86 18.96
10| E. macarthurii 0.86 0.04 0.14 10.26 5.36 4.70 85.54 32.96 71.28 4331
10[ E. nitens 0.68 0.04 0.11 7.02 3.19 2.64 61.90 22.19 62.49 30.95
10[E. saligna 0.48 0.04 0.08 6.78 3.03 4.70 58.93 20.09 43.90 20.83
10 E. smithii 1.37 0.03 0.13 6.45 3.18 3.31 46.51 16.03 49.78 29.45
10[ E. viminalis 0.55 0.02 0.08 7.37 2.98 1.81 51.85 27.53 42.08 30.54
10| Mean 0.83 0.03 0.10 8.22 3.58 3.90 57.76 27.08 51.18 28.65
11[E. deanei 0.24 0.02 0.04 7.85 5.55 4.38]  103.80 32.43 31.90 18.27
11 E. dunnii 0.53 0.03 0.07 6.87 3.63 10.91 172.95 56.78 69.26 35.43
11| £ elata 0.35 0.01 0.04 2.38 1.83 2.98 36.60 19.07 16.43 16.61
11[E. fastigata 0.17 0.02 0.03 3.45 2.13 2.29 3355 17.52 19.09 15.23

| 11 E. grandis 0.36 0.03 0.05 4.41 3.15 7.22 121.37 21.53 43.92 20.57
\1[E._macarthurii 0.72 0.04 0.14 1.72 4.90 4.86] 167.43 37.01 74.51 44.86
LL[E. nitens 0.44 0.03 0.10 3.93 3.43 4,88  130.38 25.16 53.22 31.00
11| E. saligna 0.46 0.03 0.05 5.33 5.09 5.40] 12197 31.27 52.29 26.05
11[E smithii 0.50 0.02 0.06 3.42 3.00 3.68 84.49 18.48 34.46 26.30
11 E. viminalis 0.47 0.03 0.07 7.02 3.65 7.85]  136.76 31.54 46.24 37.40
11 Mean 0.42 0.03 0.07 524 3.64 544]  110.93 29.08 44.13 27.17
12| E. deanei 0.35 0.03 0.05 9.67 5.90 591 92.92 37.19 52.75 27.13
12]E. dunnii 1.53 0.05 0.15 10.25 6.28 13.38] 15841 51.31 113.83 54.33
12[E. elata 157]  0.07 0.15 8.43 5.85 16.11 122.63 53.21 75.11 59.15
12 E. fastigata 0.57 0.02 0.06 727 3.56 3.86 36.41 11.85 49.28 31.84
12| E. grandis 0.56 0.03 0.06 9.23 3.06 7.50]  116.76 34.76 59.91 27.04
12| E. macarthurii 1.48 0.04 0.12 7.66 4.15 6.88]  118.68 30.39 74.33 41.24
12 E. nitens 0.52 0.02 0.05 3.45 1.78 1.36 49.16 14.78 23.78 17.56
12]E. saligna 1.05 0.03 0.07 8.35 3.16 5.56]  106.77 27.67 65.86 20.76
12| E._smithii 0.63 0.02 0.13 8.66 3.34 5.90 77.05 42.90 83.92 40.23
12[ E. viminalis 0.89 0.07 0.19 19.42 8.20 9.06] 158.52 42.50 79.83 62.97
12[Mean 0.91 0.04 0.10 9.24 4.53 7.55]  103.73 34.€6 67.86 38.23
F prob. (Species) 0.100 0.883 0.001] <0.001] <0.001] <0.001] <0.001] <0.001] <0.001| <0.001
F prob. (Spp. x Trial) 0.416 0.927 0.235] <0.001] <0.001[ <0.001 0.072 0.290 0.025] <0.001
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\Table 3.9.2. Average nutrient mass of bole bark per trial and species
Micronutrient (g/tree)

Macronutrient (g/tree)

Trial Species Fe Cu Zn Mn P Na Ca Mg K N
13| E. deanei 0.47 0.01 0.04 549 8.48 117] 4112 17.30 1639, 10.03
13| E. dunnii 0.26 0.01 0.02 4.87 377 3.26 57.38 2331 37.60 14.81
13| E. elata 0.43 0.01 0.02 1.13 2.57 2.11 17.39 8.56 10.46 9.74
13 E fastigata 0.15 0.01 0.02 2.08 1.69 0.88 12.39 9.29 10.10 7.00
13| E. grandis 0.25 0.02 0.05 2.96 8.00 231 57.58 1897 22.73 12.26
13| E. macarthurii 0.5 0.02 0.07 4.69 3.17 323 54.06 16.05 33.45 22.20
13| E. nitens 0.40 0.01 0.03 1.34 224 066 2559 5.20 13.87 8.59
13| E. saligna 0.14 0.02 0.04 4.60 5.36 1.95 5545 21.82]  27.64 13.36
13 E. smithii 0.60 0.02 0.04 2.41 2.49 133 20.80 451 12.74 11.29
13 E. viminalis 0.19 0.02 0.06 4.16 321 135 3539 13.51 17.50 1521
13 Mean 0.38 0.02 0.04 337 4.11 1.82 3771 13.85| 2026 12.45
14| E. deanei 0.17 0.08 0.06 4.07 161 2.65 37.38 1303 17.62 i3.30
[4[E. dunnii 0.49 0.16 0.12 3.23 1.92 7.74 82.69 3835] _ 66.99]  32.89]
14 E. elata 0.83 0.20 0.10 4.10 1.78 441 72.54 21.12] 2238 3094
14[E fastigata 0.66 022 0.09 3.90 1.98 143 51.85 16.83 2795]  30.59
14 E. grandis 0.51 0.12 0.08 2.54 1.28 3.12] 42.30 19.09 17.51 16.86
14| E. macarthurii 0.43 0.05 0.10 2.60 2.02 534 4426 14.04 3043 27.57
14 E. nitens 0.85 023 0.14 6.79 3.08 5.18|  112.74 21.26 55.00]  34.32
14| E. saligna 0.37 0.11 0.03 272 131 2.86]  55.74 17.40]  25.30 17.59
14) E. smithii 0.50 0.14 0.11 3.60 1.94 2.03 42.67 939] 2374|2335
14| E. viminalis 0.40 0.14 0.12 136 3.20 3.65 61.74 27.51 3444 38.01
14| Mean 0.52 0.15 0.10 3.79 2.01 374 60.39 19.82]  32.14]  26.59
10-14 | E. deanei 0.48 0.03 0.06 8.46 525 359 72.20 2907 32.07 18.85
10-14 E. dunnii 0.76 0.06 0.09 6.57 3.82 8.13] 10644]  42.11 72.60]  33.14
10-14 | E. elaia 0.78 0.06 0.08 4.67 3.13 642]  57.73 2562]  33.67]  30.09
10-14 | E. fastigala 0.50 0.06 0.06 4.62 2.48 224 33.28 1423 2836]  21.96
10-14 | E. grandis 0.44 0.05 0.06 538 3.75 472 7854 2370 37.99 19.14
10-14| E. macarthurii 0.89 0.04 0.11 6.59 3.92 500]  93.99] 26.09]  56.80]  35.83
10-14| E. nitens 0.58 0.07 0,09 451 2.74 294 75.95 17.72] ___41.67]  24.48]
10-14 | E. saligna 0.50 0.05 0.07 5.56 3.59 400]  79.77]  23.65|  43.00 19.72]
10-14 [E. smithii 0.72 0.05 0.09 491 2.79 3.25 54.30 1826]  40.93 26.13
10-14 |E. viminalis 0.50 0.06 0.11 8.46 425 4.54 88.85 28.52]  44.03 36.83
Mean 0.62 0.05 0.08 5.97 3.57 449 74.11 24.90]  43.11 26.62
SE (dbm): w/i triad 0.383 0.050 0.035 2.023 1.103 1.811] 31.390| 10320] 13.980]  6.901
SE (dbm): bet. trials 0.171 0.022 0.016] _ 0.905 0.493 0.810]  14.040] _ 4.620]  6.250]  3.086
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Table 3.10.1. Average nutrient concentration of bole wood per trial and species

) . Micronutrient (mg/kg) Macronutrient (%)
Trial Species Fe Cu Zn Mn P Na Ca Mg K N
10| E. deanei 373 1.0 33 24.0 0.007 0.000 0.087 0.023 0.050. 0.090
10| E. dunnii 33.7 1.7 3.0 32.7 0.010 0.003 0.133 0.077 0.055 0.063
10| E. elata 59.0 1.7 57 24.7 0.010 0.003 0.073 0.010 0.032 0.080
10| E. fastigata 83.7 1.7 5.0 20.0 0.010 0.000 0.067 0.027 0.030 0.097
10| E. grandis 33.0 1.7 3.7 35.7 0.003 0.007 0.180 0.023 0.047 0.063
10| E. macarthurii 56.3 1.3 4.0 28.0 0.017 0.013 0.120 0.027 0.053 0.097
10| E. nitens 174.3 1.7 4.0 26.7 0.010 0.013 0.100 0.023 0.052 0.087
10| E. seligna 75.7 1.7 4.7 26.0 0.010 0.007] 0.160 0.027 0.043 0.063
10| E. smithii 118.3 1.3 6.0 37.7 0.010 0.000 0.120 0.030 0.032 0.060
10| E. viminalis 128.0 1.7 3.3 28.0 0.027 0.000 0.100 0.030 0.060 0.107
10| Mean 79.9 1.5 4.3 28.3 0.011 0.005 0.114 0.030 0.045 0.081
r
11| E. deanei 26.0 1.7 4.0 8.3 0.017 0.010 0.180 0.017 0.062 0.117
11| E. dunnii 21.0 1.3 4.3 20.0 0.017 0.003 0.220 0.067 .0.055 0.070
11|E. elata 61.0 1.3 5.7 4.7 0.010 0.003 0.127 0.027 0.038 0.087
11| E. fastigata 43.0 1.7 5.7 12.7 0.013 0.007 0.187 0.027 0.042 0.100
11| E. grandis 11.3 1.7 3.7 15.3 0.020 0.010 0.240 0.030 0.052 0.093
11| E. macarthurii 45.3 1.0 7.0 16.7 0.030 0.010 0.140 0.023 0.060 0.093
11| E. nitens 88.0 2.0 4.0 13.3 0.017 0.017 0.167 0.030 0.050 0.083
11| E. saligna 36.0 1.7 3.7 5.3 0.010 0.007 0.193 0.023 0.043 0.080
11| E. smithii 57.7 1.7 4.3 11.0 0.010 0.010 0.160 0.023 0.042 0.070
11| E. viminalis 24.0 1.7 47 23.0 0.037 0.010 0.180 0.033 0.052 0.083
11| Mean 41.3 1.6 4.7 13.0 0.018 0.009 0.179 0.030 0.050 0.088
12| E. deanel 45.0 1.0 3.3 28.7 0.013 0.010 0.093 0.030 0.150 0.093
12| E. dunnii 78.3 1.3 23 33.0 0.010 0.010 0.233 0.097 0.150 0.077
12 E. elata 33.0 1.3 2.0 31.0 0.010 0.01v 0.060 0.023 0.202 0.087
12! E. fastigata 44.0 0.3 2.7 27.3 0.010 0.007 0.093 0.027 0.125 0.077
12| E. grandis 18.7 1.0 33 22.0 0.010 0.007 0.133 0.017 0.130 0.070
12| E. macarthurii 54.3 1.7 2.7 48.7 0.023 0.013 0.107 0.033 0.137 0.100
12| E. nitens 52.7 1.0 2.0 22.7 0.010 0.013 0.080 0.017 0.153 0.087
[ 12| E. saligna 14.3 0.0 1.7 30.3 0.010 0.013 0.120 0.017 0.177 0.070
12| E. smithii 65.0 1.3 3.0 39.7 0.007 0.010 0.100 0.020 0.137 0.067
12| E. viminalis 80.0 1.3 3.0 51.3 0.013 0.023 0.107 0.027 0.165 0.080]
12| Mean 48.5 1.0 2.6 33.5 0.012 0.012 0.113 0.031 0.153 0.081
F prob. (Species) 0.002 0.899 0.357 0.014| <0.001 0.039] <0.001 <0.001 0.962] <0.001
F prob. (Spp. x Trial) 0.285 0.879 0.725 0.983] <0.001 0.702 0.292 0.363 1.000 0.282
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Table 3.10.1. Average nutrient concentration of bole wood per trial and species

Micronutrient (mg/kg)

Macronutrient (%)

Trial Species Fe Cu Zn Mn P Na Ca Mg K N
13[E. deanei 16.0 1.0 2.0 17.0] __0.017] _ 0017] _ 0200] _ 0027] 0.195]  0.097
13[E. dunnii 9.3 0.7 2.7 253]  0.023] __0.003] 0.267] 0080  0.180]  0.067
13|E. elata 22.0 0.7 33 87 0.020] __0.010] _ 0.107] __0.010] _ 0.193] - 0.093
13| fastigata 213 1.0 4.0 43| 0.020] _ 0.003] 0.100] __0033] _ 0.197] 0.120
13[E. grandis 143 1.0 5.0 16.7] _0.023] _ 0.017] 0260] 0.023] 0217|0083
13[E. macarthurii 19.3 1.0 73 43.7] 00731 0010, 0.140] _ 0.027]  0223]  0.133
13 |E. nitens 85.7 0.7 7.7 17.7] __0.043] __0.010] _ 0.120] __0.027] 0213|0090
13|E. saligna 11.0 0.7 3.7 0.7]  0.020] _ 0.000] _ 0.180] 0.013] _ 0.188] _0.070
13|E. smithii 48.0 0.7 47 363 0.023] 0010 _ 0.140]  0.037] _0.i83] 0.060
13| E. viminalis 8.7 0.7 5.0 203] _ 0.083] _ 0.007] _ 0.153] _ 0.060] __ 0.200] __ 0.090
13| Mean 25.6 0.8 4.7 19.1]  0.035] _ 0.009]  0.167] _ 0.034] _ 0.199]  0.090
14| E deanei 153 1.0 i3 237] 0013|0007 _ 0.067] _ 0.023] 0.152]  0.107
14 E. dunnii 17.7 1.0 3.0 450 0.010] __0.007] _ 0.113] 0063  0.110] 0083
14 E. elata 253 L7 43 303]  0.007] 0007 0.073] __0017] _0077] _ 0.107
14 [E. fastigata 24.0 1.0 4.0 12.7] __0.013] _ 0.003] _ 0.047] __0.037] _0.1i8] _ 0.103
14[E. grandis 61.7 13 43 30.0]  0.003] _ 0.017] 0073] _0.013] _0107]  0.090
14| E. macarthurii 28.7 1.0 5.0 290 0.010] _ 0.017] _ 0.060] __0.017] __0.143] _ 0.090
14 [E. nitens 263 1.0 4.0 297 0.010] _ 0.013] _ 0.073] __0.040] 0138 _ 0.090
14|E. saligna 213 1.0 5.7 29.0]  0.007] __0.017] _ 0.080] _ 0.043]  0138] _ 0.080
14| E. smithii 20.7 1.0 4.0 350  0.003] __0.003] 0073 0037 0.127] 0070
14| E. viminalis 123 1.7 53 43.7] 0.013] __0.007] _ 0.073] _ 0.027] 0.100] 0093
14| Mean 25.3 1.2 4.4 30.8]  0.009] _ 0.010] _ 0.073] _ 0.032] _ 0.121] _ 0.091

10-14 | E. deanei 275 L1 3.8 203 0013] __0009] __0.25] _ 0024] 0.22] 0.0l
10-14| E. dunnii 32.0 12 3.1 31.2] _ 0.014] _ 0.005] 0.193] 0.077]  0.110] 0072
10-14 E. elata 40.1 13 42 19.9] 0011 __0.007] __0.088] _ 0.017] _0.108] _ 0.091
10-14 | E. fastigata 432 1.1 43 154]  0.013] _ 0.004] _ 0.099] 0.030] _ 0.102]  0.099
10-14 | E. grandis 27.8 1.3 4.0 239]  0.012] __0011] _ 0.177] _ 0.021]  0.110|  0.080
10-14 | E. macarthurii 0.8 1.2 5.2 33.2] _ 0.031] _ 0013] _0.113] _ 0.025]  0.123 0103
10-14| E. nitens 85.4 13 43 220] __0.018] _0013] _ 6.108]  0.027] _0.121] 0087
{0-14| . saligna 317 1.0 3.9 183 0.011]  0.009]  6.147]  0.025] 01i8]  0.073
10-14 | E, smithii 61.9 12 4.4 31.9] 0011 0.007]  0.119]  0.029] 0.104]  0.065
10-14] E. viminalis 50.6 1.4 4.3 33| 0.035]  0.009] _ 0.123]  0.035] 0.115]  0.091
Mean 44.1 1.2 4.1 249 0.017] _ 0.009] _ 0.129] _ 0.031] _0.113] _ 0.086

SE (dbm): w/i trial 3.1 0.5 1.6 13.7] __0.0060] 0.0070] _0.0180] 0.0130] 0.0830 _ 0.0130
SE (dbm): bet. rials 14.4 0.2 0.7 6.1 0.0030] _0.0030] _0.0080] 0.0060] 0.0370]  0.0060
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Table 3.10.2. Average nutrient mass of bole wood per trial and species

Macronutrient (g/tree)

Micronutrient (g/tree)

Trial Species Fe Cu Zn Mn P Na Ca Mg K N
10|E deanei 336 0.09 0.29 2.18 5.03 0.00] 8035  21.05 4611 83.63
10 dunmii 2.62 0.14 0.26 2.68 8.06 2.90] 10991 63.93] 4427|5124
10 E elata 4.01 0.13 0.36 .80 7.39 1.92] 5144 562 2307 61.09
10| £ fastigala 6.57 0.13 041 158 7.93 0.00]  53.10] 2069  23.60]  76.83
10 E grandis 2.54 0.13 0.28 2.73 2.58 507 137.96 17.78]  35.68] 4857
10| E. macarthurii 4.97 0.12 0.37 2.50]  15.11 12.30] 111.63] 2491 4957|9171
101 nitens 17.02 0.16 0.39 2.56 9.66] 1261 97.53]  22.46]  49.04]  83.94
10| E. saligna 5.15 0.12 0.34 .89 7.16 448 11635 19.19]  31.18] 46,04
10[E. smithii 15.12 0.17 0.78 5.12 13.32 0.00] 160.75]  40.58]  42.14] _80.53
10 E. viminalis 6.80 0.11 0.21 1.81 16.12 0.00]  60.01] 20.11]  3757]  64.09
10 Mean 6.82 0.13 0.37 2.49 9.32 3.93]  97.90]  25.63] 3831 6877
IT[E. deanei 151 0.09 022 047 8.96 576]  97.80 975] 3446  64.60
11| dunnii 1.76 0.11 0.38 1.64 14.10 2.62]  182.00]  53.77] 4500 5808
[T elata 2.44 0.05 0.23 0.19 4.02 136]  50.86] 10.74] 1543]  34.82
[T[E. fastigaia {95 0.08 0.26 0.54 5.09 2.88]  80.49 11.60]  18.26]  44.19
11 |E. grandis 0.80 0.12 025 0.01 13.70 6.85]  160.78] 2055 3645 6605
[T[E macarthurii 327 0.07 0.49 1.09]  22.29 631 10111 1674 44.75]  69.09
I1|E. nitens 621 0.20 038 127 1747] 1590 163.19]  29.66] 5171 81.59
[1[E. saligna 2.63 0.13 0.27 0.43 737 5.08]  142.00 16.88] 32.07] 5802
T1[E smithii 5.03 0.15 0.37 0.96 8.73 8.73]  141.18] 2047|3562  61.86
(1[E. viminalis 1.84 0.13 0.36 172]  28.09 7.64]  137.46]  24.86] 3941  63.04
11 Mean 3.04 0.11 0.32 0.92]  13.07 631]  125.69]  21.51] 3532  60.22
]
12| E. deanci 578 0.13 041 781 16.52]  11.04] 11023| 3313 15119 10196

12(E. dunnii 15.01 0.25 0.45 6.50] 1937 19.37] 43527 18707] 298.60] 14730

121E elara 535 0.23 0.33 502]  1630] __1630] _ 97.82] 3809 321331 14139

121E. fasiigal 5.80 0.05 0.37 3.38 13.52 828  129.39]  35.45]  160.19]  99.01

12| E. granis 2.51 0.15 0.45 2501 13.03 7.56] _ 180.07]  20.87] 15497] 9120

12| B, macarthurii 5.84 0.19 0.27 5.72] 2448 1525 112.24] 3118 14798 9703

12| E nitens 2.9 0.05 0.11 1.26 561 6.44]  44.90 9.80]  81.01]  47.04

12|E. saligna 1.5 0.00 0.18 3.36]  11.14]  14.77] 137.66] 19.52] 19693| 7824

12 E. smithii 10.48 027 0.57 8.29 8.56]  41.07] 221.42] 2513 38402 15179

12 |E. viminalis 11.97 0.17 0.40 7.41 18.44]  3554] 140.13] 3315 241.14] 11071

12| Mean 6.67 0.15 0.35 4.63] 1470]  _17.56] _160.91]  43.34] 21374 10657

F prob. (Species) 0.001] _ 0353] __0.021] _ 0.005] <0001] _ 0605] <0.00i| <0.001| 0606 0353
F prob. (Spp, x Trial) 0.004] _ 0.595]  0.178] __0.806] <0.00i]  0.786] <0001] <0001| 0593, 0008
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Table 3.10.2. Average nutrient mass of bole wood per trial and species

Micronutrient (g/tree)

Macronutrient (g/tree)

Page 44

Trial Species Fe Cu Zn Mn P Na Ca Mg K

B 13| E. deanei 0.36 0.02 0.09 0.39 3.73 4.04 50.58 6.35 42.81
13| E. dunnii 0.43 0.03 0.11 1.13 9.49 0.81 93.80 32.58 79.77

13| E. elata 0.47 0.02 0.08 0.16 5.98 1.17 26.63 243 46.82

13| E. fastigata 0.55 0.02 0.08 0.08 4.59 0.41 23.61 8.36 42.10

13| E. grandis 0.54 0.04 0.19 0.64 8.60 6.27 96.28 8.44 79.76

13| E. macarthurii 0.73 0.04 0.27 1.65 27.65 3.81 52.78 10.13 83.92

13| E. nitens 1.06 0.01 0.10 0.46 4.58 3.07 18.62 4.51 35.49

13| E. saligna 0.60 0.04 0.19 0.03 10.23 0.00 91.72 7.74 94.97

13 | E. smithii 1.93 0.03 0.20 1.58 9.47 4.19 58.70 15.95 76.49

13| E. viminalis 0.24 0.02 0.13 0.54 22.95 1.91 4147 16.12 53.73

13| Mean 0.69 0.03 0.14 0.67 10.73 2.57 55.42 11.26 63.59

14 | E. deanei 0.64 0.04 0.18 1.17 5.31 3.31 30.80 10.06 60.93

14| E. dunnii 1.24 0.07 0.21 3.23 7.06 4.89 82.92 44.51 75.40

14| E. elcta 1.33 0.10 0.26 1.68 3.63 3.48 40.87 10.84 46.59

14| E. fastigata 2.32 0.09 0.37 1.35 12.11 3.64 45.00 32,57 105.33

14 | E. grandis 2.83 0.06 0.20 1.43 1.56 7.89 34.69 6.33 50.10

14| E. macarthurii 1.51 0.06 0.28 1.60 5.51 8.86 33.08 9.80 81.16

14| E. nitens 2.86 0.10 0.42 2.88 10.22 15.29 72.27 42.93 148.62

14| E. saligna 1.40 0.05 0.31 1.82 2.66 8.35 48.11 19.83 63.08

14| E, smithii 1.87 0.09 0.36 3.52 2.73 3.68 70.23 30.51 110.54

14| E. viminalis 0.83 0.11 0.35 3.01 9.42 4.64 50.08 18.37 66.62

[ 14| Mean 1.68 0.08 0.29 2.17 6.02 6.40 50.80 22.57 80.84
10-14 | E. deanei 2.23 0.07 0.24 1.40 8.09 4.83 73.95 16.07 67.10

10-14 | E. dunnii 4.21 0.12 0.28 3.04 11.62 6.12 180.78 76.37 108.61
10-14 | E. elata 2.72 0.11 0.25 1.77 7.47 4.85 53.52 13.54 90.65
10-14 | E. fastigata 3.44 0.07 0.30 1.39 8.83 3.04 66.32 21.75 69.89
10-14 | E. grandis 1.84 0.10 0.27 . 1.66 7.89 6.73 121.96 14.79 71.39
10-14 | E. macarthurii 3.26 0.10 0.34 2.53 19.01 9.30 82.17 18.55 81.48

10-14 | E. nitens 6.61 0.1] 0.28 1.69 9.51 10,66 79.30 21.87 73.35

10-14 | E. saligna 2.27 0.07 0.26 1.5] 7.71 6.54 107.17 16.63 83.65
10-14 | E. smithii 6.89 0.14 0.45 3.89 8.56 11.53 130.46 26.53 129.76
10-14 | E. viminalis 4.35 0.11 0.29 2.90 19.00 9.95 85.83 22.52 87.70

J Mean 3.78 0.10 0.30 2.18 10.77 7.36 98.14 24.86 86.36

SE (dbm): w/i trial 3.043 0.068 0.130 1.615 4.304 9.971 22.010 11.140 70.040

SE (dbm): bet. trials 1.361 0.031 0.058 0.722 1.925 4.459 9.840 4.980 31.320
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4. DATA ANALYSIS

4. DATA ANALYSIS

4.1. Analysis of variance

Analysis of variance was undertaken of all soil, tree growth and biomass (mass and nutrient content)

data records to test differences between the means of species and the interactions between species and

trial sites. Data were screened for the normal distribution of each parameter, and any skewed

distributions checked for extreme values and non-normality. These analyses are presented in

Appendices B1.1 to B11.2.10 in the following format:

Source of variation (trial, species, species x trial, residual, total)
Degrees of freedom (df)

Sum of squares (ss)

Mean squares (ms = ss/df)

Variance ratio (vr = ms term / ms residual)

F probability (F pr)

Bl Analysis of variance of topsoil parameters (1.1 - 1.13):
Clay, Silt, Sand, pH, Ca, Mg, K, Na, P, S-value (soil), S-value (clay), OC, EA
B2. Analysis of variance of tree growth parameters (2.1 - 2.6):
Total tree height, Sem top diameter tree height, Dbh, Plot dbh, Stem volume, Stocking
B3. Analysis of variance of dry mass of biomass components (3.1 - 3.6):
Leaf, Branch, Dead matter, Bark, Bole wood, Total
B4. Analysis of variance of water content of biomass components (4.1 - 4.6):
Leaf, Branch, Dead matter, Bark, Bole wood, Total
BS. Analysis of variance of bole wood density per disc
Discs per section height - includes full table of means
Herbert, 2003
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4. DATA ANALYSIS

Bé6. Analysis of variance of select foliar nutrient concentrations (6.1 - 6.10):

Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, Na, N

B7.1.  Analysis of variance of bulk foliar nutrient concentrations (7.1.1 - 7.1.10):
Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, Na, N

B7.2.  Analysis of variance of bulk foliar nutrient mass per tree (7.2.1 - 7.2.10):
Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, Na, N

B8.1.  Analysis of variance of branch nutrient concentrations (8.1.1 - 8.1.10):
Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, Na, N

B8.2.  Analysis of variance of branch nutrient mass per tree (8.2.1 - 8.2.10):
Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, Na, N

BY.1.  Analysis of variance of dead matter nutrient concentrations (9.1.1 - 9.1.10):
Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, Na, N

B9.2.  Analysis of variance of dead matter nutrient mass per tree (9.2.1 - 9.2.10):
Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, Na, N '

BI10.1. Analysis of variance of bark nutrient concentrations (10.1.1 - 10.1.10):
Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, Na, N

B10.2. Analysis of variance of bark nutrient mass per tree (10.2.1 - 10.2.10):
Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, Na, N

Bl1.1. Analysis of variance of bole wood nutrient concentrations (11.1.1-11.1.10):
Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, Na, N

B11.2. Analysis of variance of bole wood nutrient mass per tree (11.2.1-11.2.10):
Fe, Cu, Zn, Mn, P, Na, Ca, Mg, K, Na, N

The accompanying tables of means for Appendices B1.1 to B11.2.10 are presented in Tables 3.1. to
3.10.2.
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4, DATA ANALYSIS

4.1.1. Soils

Analysis of soil parameters (Appendices B1.1 - 1.13) shows that there are no significant (p < 5%)
differences between species treatments, with all F probabilities exceeding 20%. There is thus a high
degree of uniformity of soil conditions within trial blocks and within sites (but not berween sites),
resulting in any differences in tree growth and biomass composition per site being able to be ascribed
to treatments per se. This confirms the suitability of using these site-species trials for biomass studies.
However, there are many significant differences between each of the five sites with regard to soil

chemical and physical factors.

Based on site means, the sites with shallow lithic soils (GE.11 and GE.13) have sandy clay loam soil
textures, as opposed to sandy clay textures on sites with deeply weathered soils (GE.10, GE.12 and
GE.14). The shallower soils are also higher in exchangeable Ca and Mg by orders of magnitude of 10
to 20 (2.5-5.7vs0.1 - 0.3 cmol(+)/kg soil), while their Na, and K status is also marginally higher (0.2 -
0.3 vs 0.1- 0.2 cmol(+)/kg soil). However, K at GE.14 (derived from potassic granites) is of the same
magnitude as the shallower lithic soils. The higher base status of the shallow soils reflects their lesser
degree of leaching and higher primary mineral status. Accordingly, EA is lower by factors of 2 to 15
(0.1-0.9vs 1.5 - 1.9 cmol(+)/kg soil). Available P is comparable between sites (1 - 3 mg/kg), but is
somewhat higher at GE.14 (5 mg/kg). Topsoil OC (1.6 and 2.6%) shows no clear trends across sites.

4.1.2. Tree growth

Study of the tree growth parameters (Appendices B2.1 - 2.6) shows highly (p < 1%) to very highly (p
< 0.1%) significant differences between species and for site-species interactions for total height, height
to Sem top, sample tree dbh, tree stem volume and stocking per ha. This indicates strong differences

in tree growth form and size between species, and that these differences are also affected by site

conditions.

The combined effects of tree height and dbh growth and vigour at approximately age seven (Schénau
and Purnell, 1987) is summarised in Figure 4.1. Overall stem volume (combined expression of dbh and
height) growth responds positively with increasing rooting depth, soi! drainage status ana MAT, i.e.
in the ascending order of GE.13, GE.14/11. GE.10 and GE.12. Across specieé andrall sites, E. smithii
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4, DATA ANALYSIS

is best, but is also sensitive to poor drainage. The second best performers are E. dunnii and E. grandis,
with the latter exceeding the former on the warmer sites (GE.12, 13). The poorest overall growers are
E. deanei, E. macarthurii and E. viminalis. E. nitens and E. fastigata are generally off-site, except
where MAT is below 15.5 °C (GE.14). E. saligna is superior to E. grandis on cool sites and/or with

shallow soils, while E. elata shows average growth across all sites, except where drainage is poor.

In terms of general tree growth and vigour, basal area constitutes a combined expressior of tree size
and survival, and is directly proportional to stem volume per ha (see Figure 4.2). Under plantation
conditions, E. elata has recorded the smallest yield per ha, despite having an 83% survival. E. fastigata
is also a modest grower, but has also suffered from mortality (average of 22%), especially under poor
drainage conditions (GE.11), resulting in below average yields. E. nifens has the lowest survival rate
(30%), especially on the shallow soils and warm conditions of GE.13, but has yielded excellently (the
best of any species on any site) under cool conditions with deep well-drained soils (GE.14). E. smithii
has generally survived and grown very well, and thus is the top all-round yield performer across the five

study sites.

One method of examining overall tree form in even-aged plantation conditions is by examining the dbh-
height ratio [dbh (cm) / height (m)]. Low ratios indicate relatively tall and thin trees, while conversely
high ratios are found on more heavily tapered trees. In general, within a genotype, lower ratios suggest
(amongst other factors) relatively uninterrupted growing conditions (i.e. uniform, not strongly seasonal)
(Kriedmann and Cromer, 1996) while an increase in the ratio is typically associated with site-related

stress (drought, infertility, too low/high temperatures, damage).

Ratios are shown for species and study sites in Figure 4.3. From this it is evident that (on average) the
cooler the site and deeper the soil, the lower the ratio. E. smithii, E. elata, E. saligna and E. grandis
show similar general ratios (0.80), but this rises sharply for E. macarthurii (0.88). The other eucalypts
show intermediate ratios of 0.82 - 0.85. Between sites, E. saligna (0.79 - 0.82) and E. viminalis (0.79 -
0.85) display the least variation, while the opposite applies to E. deanei (0.73 -0.56) and E. nitens (0.68
and 0.92). The range in dbh-height ratios found between species and sites is indicative of strong

differences in the above-ground morphology of species, and contrasting strategies in biomass

allocations.
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4.1.3. Dry mass of biomass components

Very highly significant to significant treatment differences exist between species and site-species
interactions for all the dry mass components, viz bulk leaves, branches, dead material, bark and bole
wood (see Appendix B3.1 - 3.6). This indicates very strong effects on biomass component sizes by

species and site factor interactions. .

Bulk leaf mass is generally depressed under the poor site conditions of GE.13 (average of 3.7 kg/tree),
but conversely nearly doubled at 6.5 kg per tree on the best site (GE.10). Figure 4.4 shows that E.
saligna, E. grandis and E. macarthurii have the smallest leaf masses on average (< 4.0 kg/tree), in
strong contrast to E. smithii (7.1 kg) and E. nitens (6.4 kg). However, due mainly to Mycosphaerella
molleriana leaf infection caused by high humidity and temperatures, E. nitens has the smallest leafmass -
at GE.12. Similarly strong leaf mass - site interactions are also evident for E. elata, E. deanei and E.

Jastigata.

Individual branch masses are also least on the poor sites, but the gradient differences between sites are
not as steep as for leaves (see Figure 4.5). E. grandis, E. viminalis, E. dunnii and E. saligna are on
average the lightest branched species (<9 kg/tree), but masses increase exponentially to 13.7 and 16.6
kg/tree for E. elata and E. smithii respectively. These latter species, together with E. elata and E. nitens

also show the greatest branch mass variation between sites.

On-tree dead matter biomass is sharply lowered on poor sites, and appears greatest on the coolest site
(GE.14). E. dunnii carries on average a distinctly low dead matter mass (1.0 kg/tree), in contrast to
E. nitens (7.6 kg/tree) with many attached dead branches extending considerably below its live crown.
Figure 4.6 shows two intermediate groups, viz E. viminalis, E. grandis and E. elata (< 2.5 kg/tree), and
E. saligna, E. macarthurii, E. fastigata and E. deanei (3.5 - 4.5 kg/tree).

As could be expected, the biomass of bole bark increases strongly from poor to good sites, especially
for E. dunnii, E. viminalis and E. elata (see Figure 4.7). Similarly, the bole wood to bark ratio increases
from 7.0 (GE.13) to 9.7 (GE.12), indicating that the bark must also be thickening and/or becoming
denser with bole size. E. dumnii also has an unusually high bark mass (average of 14.2 kg/tree)
compared to the overall species mean of 9.6 kg/tree. Conversely, E. fastigata, E. deanei E. saligna, and
E. grandis have average bark masses of 7.2 - 8.0 kg/tree. Individual masses range from 0.7 to 28.4
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kg/tree across individual tree species. Bark mass does not appear to be affected by MAT.

The dry mass of bole wood varies widely for the study samples. E. smithii averages 115.5 kg/tree and
E. dunnii 93.8 kg/tree, while all remaining species are between 65 and 75 kg/tree (see Figure 4.8).
Again there are strong differences in averages between the poorest (GE.13: 32.1 kg/tree) and best
(GE.12: 135.4 kg/tree) sites.

Total above-ground biomass is between 10.4 and 510.4 kg/tree, with a mean of 107.0 kg/tree across all
sites and species. The lowest average species masses are between 92 and 96 kg/tree (E. deanei, E.
grandis and E. saligna), while the largest are for E. smithii (155 kg/tree) and E. dunnii (122
kg/tree),with the remaining species between 99 and 108 kg/tree (see Figure 4.9 - arranged as increasing

total biomass).

The average bole wood proportion comprises overall 73% of the biomass, with 10% for branches, 9%
for bark, 5% for leaves and 3% for dead matter. However, these allocations vary considerably between
species (see Figure 4.9). The average proportion of bole wood in the total biomass is highest in E.
dunnii, E. grandis and E. saligna (71.2,76.5 and 75.5% respectively), compared to the markedly lower
proportions of 68.1 and 69.8% for E. nitens and E. elata respectively. Bark mass averages 12% of E.
dunnii and 11% of E. viminalis biomass, while E. fastigata and E. smithii have only 7% of their

biomass in bark.

In terms of mean branch biomass, E. dunnii, E. grandis and E. viminalis constitute only 7, 8 and 8%
respectively of the total biomass, while that for E. elata is 13%. The proportion of leaf mass for E.
saligna is 3%, as opposed to 6% for E. nitens. The average proportion of leaf plus branch mass is 14%
over all species, but constitutes only 10 and 12% respectively for E. dunnii and E. viminalis. In
contrast, it is 18% for E. elata, 17% for E. nitens and 16% each for E. deanei and E. fastigata. Extremes

for average proportions of on-tree dead matter constitute 7% for E. nitens and 1% for E. dunnii.

Figures 4.10 to 4.15 show biomass components for species per site arranged in increasing proportions
of bole wood. Figure 4.10 shows average biomass components across species for the five study sites.
From this it is evident that as growing conditions improve and temperatures warm from GE.13 to
GE.11, and from GE.14 to GE10 and GE.12, the proportion of bole wood also improves from 64.7%

to 78.6%. These changes are reflected mostly in decreases in the proportion of branches (from 15%
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to 7% of biomass) and to a lesser extent the leaves (from 7% to 4% of biomass).

While these general site 2ssociations in biomass proportions are followed by all species, there are some
notable exceptions caused by site interactions. Once again, deviations from the “norm” are more
extreme on poor sites. Low bole wood proportions 0f 69% and 71% are found for E. nitens and E. elata
respectively at GE.10 (average of 74%), this increasing to the highest fraction of 78% for E. saligna,
E. grandis and E. viminalis. At GE.11 (average of 69%), low bole wood proportions are found for E.
smithii (64%) and E. nitens (65%), but percentages are high for E. grandis and E. saligna (77% each).
The only unusually low bole wood proportion at GE.12 (warmest site with deep soils) is for E. elata
(75%), compared to a relatively high site mean of 79%. The strongly off-site conditions for E. nitens
at GE.13 result in this species only having 46% of its biomass represented in its bole wood, while E.
elata(59%), E. deanei (59%) and E. viminalis (60%) also show proportions much lower than the trial’s
mean (65%). Conversely, E. saligna has a very high bole wood proportion (73%), as do E. grandis
(70%) and E. smithii (69%). E. elata (64%) and E. saligna (68%) have low bole wood fractions on the
cool site of GE.14 (72%), but E. dunnii (76%) is above average there.

4.1.4. Water content of biomass components

Although the water content of biomass may vary with season and climatic conditions, all the study sites
were sampled at similar times, viz during the middle of the summer rainfall season. There are thus
reasonable grounds for including these data in the biomass investigation and testing it statistically.
Following analysis of variance (see Appendix B4.1 - B4.6), it is found that there are very highly
significant differences in water content between species for all “live” biomass components (leaves,
branches, bark, bole wood), but (understandably) no significant differences between the means of on-
tree dead matter. Highly significant site interactions exist between species means for leaves, and
significant differences for bark and total biomass water content. Trends (p = 0.05 - 0.10) also-exist for

branches and bole wood site-species interactions.

The lowest overall water content is found in dead matter (21%), followed by bole wood and branches
(51% each), 57% for leaves and 65% for bole bark (see Figure 4.16). The effects of site conditions is
less marked, averaging 55% for total live biomass at GE.10 and GE. 14 and 57% at the other three sites.

However, within individual components the effects are stronger. Leaf water content increases with
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MAT from 54 to 57% on deep soils, but decreases from 61 to 58% on shallow soils. The pattern for
bark water content is less clear, but is between 64% and 65% at GE.10, 11, 13 and 14, while

significantly greater at GE.12 (68%).

The water content of total live biomass is lowest in E. smithii (52%) followed by E. nitens (54%)
(Viminales group), and increases steadily to a maximum of 58% for E. saligna, E. grandis and E.
deanei (Transversae group) - see Figure 4.17. This pattern is more marked in the leaf biomass, where
across sites E. nitens (52%) and E. smithii (53%) have far lower values than E. saligna and E. grandis
(61%), while the remaining species have between 57% and 59% water content (see Figure 4.18).
Particularly low moisture levels are found at GE. 14 for E. smithii (47%) and E. nitens (49%), while
contrasting high levels are found at GE.11 for E. grandis (66%) and E. saligna and E. dunnii (64%

each).

The branch biomass also reflects the higher water contents associated with the Transversae (54%), and
the lower status of Viminales, particularly E. smithii and E. nitens (47 and 49%). The Monocalyptus
E. elata and E. fastigata are intermediate in branch water content to these groups. Across sites, GE.10
is markedly lower than GE.11, GE.13 and GE.14, particularly for E. smithii, E. macarthurii and E.
grandis (see Figure 4.19).

The species with the generally highest bark water content are E. deanei (69%) and E. saligna (68%),
while E. elata (61%) and E. smithii, E. fastigata (62% each) and E. nitens (63%) have the lowest (see
Figure 4.20). The remaining eucalypts all average 67% bark water content. Similarly to moisture
values in branches, the variation in bark water contents for individual species across sites is relatively

low, when compared to that in leaves and bole wood.

The bole wood water content averages highest for E. elata (53%). Lowest values are recorded for E.
smithii (48%), E. viminalis (49%) and E. macarthurii (50%), with the remaining eucalypts at water
contents of 51 - 52%. While on average GE.12 yields bole wood with the highest water content, large

and inconsistent variation exists for the site effects on individunal species (see F igure 4.21).
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4.1.5. Density of bole wood

Cross sectional disc samples were cut at fixed intervals along the tree stem in order to examine
variation in wood density and nutrient content. This yielded 4 disc sections per tree and a total of 600
samples for all ten species across the five trial sites. Analysis of variance for bole wood density per
sample is given in Appendix BS, together with a full table of means. This shows that there are very
highly significant differences between species, for disc sections within species, disc sections across
sites, and sections within species across trials. There are also significant differences for species across

sites.

From Figure 4.22 it can be seen that bole wood density follows a general trend of being lowest in the
Transversae (0.45 kg/dm® for E. grandis and 0.47 kg/dm® for E. saligna) and highest in the Viminales
(0.58 kg/dm® for E. smithii and 0.57 kg/dm® for E. viminalis). While overall there is no significant
difference between the density of the different sections cut per stem, decreasing density up the stem is
noted for E. macarthurii and E. viminalis, as well as E. elata to a lesser extent. Conversely, density

increases for E. nitens and E. smithii, while E. grandis also increases, but somewhat erratically.

In general, mean bole wood density averaged across species is highest at GE.10 (0.54 kg/dm®) and
GE.11 and GE.14 (both 0.53 kg/dm’) and lowest at GE.13 (0.50 kg/dm®) and GE.12 (0.51 kg/dm?).
Figure 4.23 indicates clearly that within species, variation between sites can be very high, and that
density is strongly influenced by both genotype and site conditions. Species with the least variatior
between sites are E. smithii (0.57 - 0.61 kg/dm”®) and E. graz:dis (0.42 - 0.47 kg/dm®). Conversely, E.
saligna is highly variable in density (0.41 - 0.51 kg/dm®), as are E. macarthurii (0.50 - 0.58 kg/dm®),
E. viminalis (0.52 - 0.60 kg/dm’) and E. deanei (0.49 - 0.56 kg/dm’).

4.1.6. Selcct foliar nutrients

Analysis of variance of select foliar material (as per normal diagnostic sampling procedure) is presented
in Appendices B6.1 - B6.10. There are very highly significant differences between species for all

elements except P, the latter highly significant still. Significant site interactions are present for Fe and

K only.
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Separate samples of select foliar material were taken to allow nutritional comparisons with other sites
and studies, but without having to undertake whole tree biomass sampling. These data can also be used
to test relationships of select foliar nutrieats with the nutrient status of single biomass components, as

well as relationships to site nutrient status.

The differences between select and bulk foliar material for the different species is shown in Figure 4.24
for trace elements (sum of Fe, Cu, Zn and Mn), Na, P and Mg. The bulk leaf sample’s nutrient contents
are on average about 14 and 17% higher than the select foliar for these elements across species.
However, differences vary amongst species, being largest for E. smithii, E. deanei and E. grandis, but
very small for E. saligna. Differences for the other nutrients (N, K and Ca) are shown in Figure 4.25.
On average, Ca is 28% higher in bulk foliar samples, with K also higher by 20%, but N is lower by 8%.
Differences in Ca, K and N levels are greatest for E. deanei, E. dunnii and E. smithii, but again very

slight for E. saligna.

Sections 4.1.7 to 4.1.11 present the nutrient profiles of each biomass component on (a) sites with deep
and well-drained soils and (b) shallow skeletal soils. This is done for two reasons; soils on the poorer-
growing site have higher levels of many soil nutrients (less weathered and leached soil and saprolite),
which is also reflected in their biomass nutrient concentrations (see Figure 4.26). In addition, they have

different nutrient proportions across biomass components, as presented below.

4.1.7. Bulked foliar nutrient content and mass

Analysis of variance of bulk leaf material is presented in Appendices B7.1.1 - B7.1.10. There are very
highly significant differences between species for all elements except Fe (highly significant only).

Highly significant site interactions are present for Fe, and Mn, with significant interactions for Cu, Na,
Caand K. '

The elemental composition of leaves on the deep soils (see F igure 4.27) is dominated by N (1.78%), |
followed by K (0.81%) and Ca (0.59%). E. macarthurii, E. dunnii and E. deanei have the greatest total
nutrient contents, while E. nitens, E. fastigata and E. smithii have the lowest amounts. The proportion

of leaf N to total nutrients is lower in the Transversae than Viminales, while latter have higher K:Ca
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ratios than the former. However, Mg is higher in the Transversae than Viminales. E. deanei and E.

grandis have higher than average Ca levels.

On the shallow sites, N increases to 1.82%, but K drops to 0.71% and Ca rises to 1.02% (see Figure
4.28). E. deanei, E. dunnii and E. grandis have the highest total nutrient concentrations, with E. niftens,
E. fastigata and E. smithii containing the least leaf nutrients. Thé rise in Ca levels on the shallow soils
applies particularly to E. deanei, E. dunnii and E. grandis. Discerning patterns between the

Transversae and Viminales are not as clear as on the deep soils.

4.1.8. Branch nutrient content and mass

Analysis of variance of branch material is presented in Appendices B8.1.1 - B8.1.10. There are very
highly significant differences between species for Cu, Mn, Ca, K and N, and significant differences for
Zn, and Na. There are no significant differences for Fe and P. Site interactions are present for Mn

(significant) and K (highly significant).

Branch nutrients on the deep soils (see Figure 4.29) are dominated by K (0.44%), followed by Ca
(0.31%) and N (0.30%). E. viminalis and E. dunnii have the greatest total nutrient contents, while E.
Jastigata and E. elata have the lowest amounts. The proportion of branch N to total nutrients is lower

in the Transversae than Viminales.

On the shallow sites, Ca increases on average to 0.51%, but K and N drop marginally to 0.42% and
0.32% respectively (see Figure 4.30). E. saligna has the highest total nutrient concentrations, with E.
Jastigata, E. smithii, E. elata and E. nitens containing the least branch nutrients. The rise in Ca levels
on the shallow soils applies proportionally to all species. The Monocalyptus E. elata and E. fastigata

have proportionally low Ca levels, while N is relatively low for the Transversae on the shallow soils.

4.1.9. Dead matter nutrient content and mass

Analysis of variance of dead material is presented in Appendices B9.1.1 - B9.1.10. There are very
highly significant differences between species for Mn, Ca, Mg, K and N, and significant differences
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for Na. Highly significant site interactions are present for Zn, Mn, Ca, and N, with a very highly

significant interaction for Mg.

Dead matter nutrients on the deep soils (see Figure 4.31) are dominated by Ca (0.24%), followed by
N (0.17%) and K (0.10%), with generally very low levels of P. E. dunnii has a disproportionally high
nutrient concentration, while £, fastigata and E. smithii have the lowest amounts. The proportion of

dead matter N and P to total nutrients is higher but K lower in the Monocalyptus than other subgenera.

All dead matter nutrient levels increase markedly on the shallow sites. Notably Ca increases to 0.43%,
N t00.19% and K to 0.12% (see Figure 4.32). Interestingly, the average P content in dead matter is
0.013% compared to 0.005% on the sites with deep soils. E. macarthurii and E. deanei have the
highest total nutrient concentrations, with E. elata, E. fastigata, E. saligna and E. smithii containing

the least dead matter nutrients.

4.1.10. Bark nutrient content and mass

Analysis of variance of bole bark material is presented in Appendices B10.1.1 - B10.1.10. There are
very highly significant differences between species for all elements except Fe and Cu. A very highly

significant site interaction is present for P only.

Bark nutrients on the deep soils (see Figure 4.33) are dominated by Ca (0.65%), followed by K (0.44%)
N (0.28) and Mg (0.24%). E. saligna, E. deanei, E. macarthurii and E. grandis have the greatest total
nutrient contents, while E. smithii and E. fastigata and E. elata (the latter two Monocalyptus) have the
lowest amounts. The total bark nutrient content of the Transversae is greater than the Viminales, while

the former also tend to have a higher proportion of bark N present.

On the shallow sites, Ca and Mg increase markedly to 0.94% and 0.30% respectively, while K and N
remain the same (see Figure 4.34). The Transversae group of £. deanei, E, saligna and E. grandis have
the highest total nutrient concentrations, with E, smithii and the Monocalyptus group containing the
least bark nutrients and lowest Ca levels. The strong overall rise in Ca levels on the shallow soils

applies particularly to E. deanei, E. saligna and E. grandis. The Transversae also have lower bark N

levels than the Viminales group.
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4.1.11. Bole wood nutrient content and mass

Analysis of variance of bole wood material is presented in Appendices B11.1.1 - B11.1.10. There are
very highly significant differences between species for P, Ca, Mg and N, highly significant differences
for Fe and Mn, and significant differences for Na. A highly significant site interaction is present for

P only.

Bole wood nutrients on the deep soils (see Figure 4.35) are dominated by K (0.11%) and Ca (0.10%),
followed by N (0.08%) and Mg (0.03%). Wood P concentration averages 0.011% across species.
While K is the dominant element in most species, it is exceeded by Ca for E. dunnii, E. grandis and E.
saligna, with parity present in E. smithii. E. dunnii has an unusually high total nutrient content, while
E. elata, E. fastigata and E. smithii have the lowest amounts by a considerable margin. The proportion
of P is very low in E. grandis and E. smithii. There is no apparent pattern of bole wood nutrient

allocation on the deep soil sites between the subgenera or species groups.

On the shallow sites, Ca increases dramatically to 0.17%, with only a slight improvement in K to 0.12%
and N to 0.09% (see Figure 4.36). E. grandis and E. ‘ dunnii have the highest total nutrient
concentrations, with E. elata and E. smithii containing the least bole wood nutrients. E. dunnii, E.
grandis and E. saligna have particularly high Ca proportions, while P is proportionally much higher
for E. macarthurii and E. viminalis. The Transversae tend to have lower Mg proportions than the

Viminales.

4.2. Correlation and regression

From the findings presented in Chapter 3, it is evident that the mass of individual leaf, branch, dead
matter, bole bark and bole wood biomass components is related to the overall size of the tree (such as
can be determined from typical mensurational procedures) as well as the size of the other four biomass
components. Site conditions between trial sites appear also to play a role, especially in terms of

climate, soil rooting conditions and nutrient status.

While there are overall trends across species, there are also strong differences between them. At the
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same time, there are some similarities between species within the subgenera of Transversae and

Viminales. Accordingly, these relationships were tested using correlation analysis for:

Individual Eucalyptus species (15 samples)
Transversae group: E. deanei, E. grandis and E. saligna (45 samples)
Viminales group: E. dunnii, E. macarthurii, E. nitens, E. smithii and E. viminalis (75 samples)

Combined Eucalyptus species (150 samples)

4.2.1. Dry mass of biomass components

Table 4.1 contains the simple correlation coefficients between the dry mass of individual biomass
components and a range of mensurational parameters. The mensurational parameters include dbh (as
well as transformations of square, log (natural), and inverse), total height (as well as transformations
of log (natural) and inverse), height to Scm top diameter, crown length (total height - Scm top diameter
length), tree bole volume (under bark) (and log (natural) volume), Dbh (cm)/ Height (m) ratio and form
factor (tree stem volume / dbh x total height cylindrical volume).

Across species, leaf and branch mass are highly significantly correlated, but this relationship is
significant (only) for E. saligna and E. viminalis. Bark and bole mass are highly significantly
correlated for all species. Both of these sets of correlations could be expected, as leaves and bark are
both physically represented on branches and boles respectively. Correlations between leaf and bole
mass are also highly significantly for E. deanei, E. dunnii, E. elata, E. grandis and E. nitens, and
significant for E. macarthurii, but not significant for the remaining species. On-tree dead matter is
significantly correlated to bark mass for E. elata, E. fastigata and E. nitens , as well as branch mass for

E. elata, E. nitens and E. viminalis.

Following testing correlations with biomass components, it is evident that overali the raost successful
(i.e. significant) mensurational correlation variables are Dbh2 Dbh, volume, log(volume), log(Dbh),
1/Dbh and height to Scm top. All variables are positively correlated with biomass, excepting for 1/Dbh,
1/Height and crown length (negative). In general, highly significant correlations are formed with these
mensurational variables and bole and bark mass, significant with leaves and branches, and non-

significant with dead matter. However, relatively few significant correlations are formed with the leaf
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and branch mass of E. macarthurii, E. saligna, E. smithii and E. viminalis.

The large number of (highly) significant correlations between the dry mass of individual biomass
components and many mensurational parameters, indicate that biomass component mass could be
estimated from equations employing such variables. This wculd allow above-ground biomass to be
estimated for application in other investigations on other sites. Similarly it may also be possible to
construct estimating equations using biomass components as estimating variables to test the inter-

dependance of biomass components.

Tables 4.2.1 to 4.2.13 present the results of multiple regression analysis for estimating the dry mass of
individual biomass components. These are derived in two ways, viz using four biomass component
estimating variables (Biomass model) and four mensurational parameters of Dbk (Dbh, Dbh, In(Dbh,
1/Dbh) , Height (Height, In(Height), 1/Height, Crown), Dbi/Height and Form factor as estimating
variables (Mensurational model) for each of the ten species, the Transversae group, the Viminales
group and all species combined. Only one of the four Dbh and Height parameters (with the largest

correlation coefficient) was selected for inclusion in the biomass regressions for each model.

4.2.14. SUMMARY OF ALL REGRESSION EQUATION R? VALUES

Component Biomass mode! Mensurational model
Min. Max. Mean Min. Max. Mean
Leaf! 67 93 79 27 88 62
Branch* 53 92 70 24 87 53
' Dead material 0 79 20 0 76 16
Bole bark 66 95 82 69 98 82
Bole wood 64 96 83 } 92 99 95

L Excluding £ saligna (both models), E. grandis (mensuratif;nal model) and E. smithii (biomass model).

2 Excluding E. saligna (biomass model) and E. macarthurii and E. viminalis (mensurational models).

Tables 4.2.1 to 4.2.13 also contain estimates of the percentage variance accounted for (R?) when

retaining only significant explaining variables in the regression analysis. Table 4.2.14 shows a |
summary of R* values for all regression equations. This indicates thai the regression equatibns for both
models are overall highly successful in accounting for variation in biomas;sl component mass for

individual species and subgenera groups. In general, the models work best for bole wood and bark,
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followed by leaf and branch biomass. However, analysis of the £. saligna leaf biomass data shows that
both the models fail to explain any of the variation, as well as for E. grandis leaves in the mensurational
model. This may be a result of most tree breeding work (for light branching) having taken place in
these species. Problems of a lesser nature are also experienced with E. smithii (R? = 0.42). The
mensurational model also fails to account for any of the variation in the branch biomass data for £.
macarthurii and E. viminalis (and is also poor regarding their leaf mass estimates), while the biomass
model explains only 21% and 42% of the variaticn in E. saligna and E. smithii data. The on-tree dead

material is generally poorly accounted for by both forms of regression models.

Foliar analysis has been employed successfully in South Africa to investigate the nutritional status of
eucalypts (Herbert and Schonau, 1989; Herbert, 1996). Accordingly, the select foliar data was
examined to determine whether the mass of biomass components is related to tree nutrient status by
using correlation analysis (see Table 4.3). Examination of the simple correlation coefficients for the
ten individual eucalypt species in Table 4.3 show very few significant values (only 6%). Furthermore,
there is no pattern of significant coefficients in terms of species, biomass component or nutritional
element (i.e. very dispersed or random correlations). There is thus little purpose in trying to develop
a meaningful regression model for individual species to estimate biomass component mass based on

tree nutrient status as measured by foliar analysis.

A similar situation exists for correlations within the Transversae group (45 samples), i.e. only 8% of
the simple coefficients are significant. However, within the Viminales group (75 samples) the number
of significant correlations increases (22%), but more than half of these are for on-tree dead matter, and
thus also of little practical use. Due to the large increase in sample size (from 15 to 150), there are
more significant correlation coefficients in the combined analysis of all tree species (42%), but again
38% of these refer to relationships between select foliar nutrients and the dry mass of dead matter per
tree. In addition, the remainder do not form a coherent trend across components of nutrients. Together,
the correlation analyses indicate that statistically significant regression models will not be able to

meaningfully explain variation in the biomass of above-ground components within the study data base.

4.2.2. Nutrient content of biomass components

From the data analysis in Chapter 3, it is clear that the nutrient content of biomass components varies

Herbert, 2003 Page 60



4. DATA ANALYSIS

with site conditions, especially soil chemical status. If site resources are to be sustainably managed,
it is necessary to be able to predict the concentration of nutrients within biomass components.
Investigation of the relationship between soil chemical status and the nutrient content of biomass
components was thus undertaken, in order to develop suitable practical regression models. As the
macro nutrients N, P K, Ca, Ma and Na constitute 97% of the average nutrient content across biomass
components, it was decided in the interests of practical expediency to drop micro nutrients from this

section of the study.

Table 4.4.1 contains the simple correlation coefficients between the macro nutrient concentrations of
individual biomass components and nine soil chemical parameters. The soil parameters comprise pH,
exchangeable (per soil mass) Ca, Mg, K and Na, S-value (per clay mass), OC and EA. The S-value is
considered to be independent of exchangeable Ca, Mg, K and Na as it is derived across all four

elements and further altered according to the clay fraction within the soil.

Based on the simple correlation coefficients in Table 4.4.13 it is evident that there are many (highly)
significant relationships between soil variables and biomass nutrients. While these vary between
species, biomass components and biomass nutrients, some general trends are evident. Significant
correlations with biomass nutrient concentrations are most frequent with soil Mg, S-value and Ca,
followed by EA, pH and Na. Relatively few correlations exist with OC and K, while soil P forms

generally the least significant correlations.

Across all species, the biomass compouent with the greatest number of significant correlations is on-
tree dead matter, followed by the leaf and branch components, while bole and bark nutrient
concentrations of components have the fewest number of significant correlations. For biomass
nutrients, P forms overall the most significant correlations, followed by Ca and Mg. Biomass N, K and

Na have in general the fewest significant correlations with soil parameters.

The large number of (highly) significant correlations between the nutrient concentration of individual
biomass components and soil chemical parameters, indicate that biomass component nutrient
concentration could be estimated from equations employing such explaining variables. This would
allow above-ground biomass nutrient content to be estimated per component following soil analysis on
other sites. The on-tree dead matter nutrient concentrations are not included in this section of the study

as they average only 3% of the total nutrient mass per tree. Tables 4.5.1 to 4.5.13 present the results
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of multiple linear regression analysis for estimating the nutrient concentration of leaf, branch, bole bark
and bole wood biomass components. These are derived for each of the ten species, the Transversae

group, the Viminales group and all species combined.

TABLE 4.5.14. SUMMARY OF REGRESSION EQUATIONS FROM TABLES 4.5.1-4.5.14

Biomass E.deal E.duh| E.ela l E.fas ‘ E.gra Emac‘ E.nit ‘ E.sal ‘E.s!m' ! E.vim}T!'gﬂts_.»J V’nales{ All

nutrient | Percentage variance accounted for (R?)
- Leaf
N 000 036] 032] 059 047 040 | 000 | 0.00| 000 043 | 0.0 0.04 | 0.06
P 000] 037! 000 085 059 052 035 034 047 | 031 046 0.39 10.33
K 035, 083 ] 000| 079 | 000 052| 088 | 039| 042 | 027 | 0.18 0.00 | 0.16
Ca 035| 078 000] 000 072 052 | 000 075| 072 | 090 | 037 0.28 10.26
Mg 000 | 026 000 024 075 000 000| 073 | 0.82 | 056 0.26 0.00 | 0.17
Na 045 071 072 ] 070 | 037 | 025| 000 085 000 093 | 0.19 0.04 1 0.00
Branch
N 021 ] 025] 000 098] 066 | 000 | 000 | 036 | 000 6 044 | 031 0.00 | 0.12
g 071 079] 0.00| 087 ] 069 | 076 | 063 | 0.67| 000| 054 | 050 0.50 {0.30
K 020 | 030] 055| 000 | 000 | 046 | 025| 000 | 029 | 031 | 0.00 0.31 | 0.00
Ca 075 039] 092 068 | 060 | 086 000 | 083 | 051 | 065 0.68 0.21 1045
Mg 071 027 085 062 | 065 021 | 041 | 0.77 | 0.00| 047 | 033 0.00 |0.16
Na 048  025| 060 | 0.00 | 0.00| 034) 000| 041 | 000 | 062 | 024 0.00 | 0.02
Bark
N 0.00] 000| 033] 083 0.00] 000 055| 039 | 000| 035 0.29 0.00 | 0.06
P 092 ] 071 ] 076 | 088 | 092 | 0.00| 085 | 057 )| 078 | 035 | 0.65 0.25 | 0.37
K 021 ] 076 | 050 | 0.62| 000 | 0.00 060 | 043 | 000 000) 0.00 0.20 | 0.06
Ca 000 | 022] 022 036 070 | 024 | 0.00| 053 | 094 | 056 | 038 0.31 1 0.28
Mg 0.00| 054] 025 066 | 048 )| 0.00) 073 | 021 ) 0.00| 000, 0.12 0.22 | 0.07
Na 0.57| 0060 ] 000 | 059 | 056 | 000 | 050 | 029 | 064 | 0.75| 032 0.00 |0.13
Bole
N 0.00| 000| 000| 059 0838 | 043 | 000 | 070 | 025| 031 | 0.17 0.16 | 0.03
P 000 | 079 | 073 | 087 | 083 | 094 | 074 | 081 | 062 | 088 | 0.44 0.35 [ 0.32
K 053] 041 | 059 | 058 | 051 | 044 | 063 | 079 | 041 | 031 | 0.37 0.08 | 0.38
Ca ~ 088 037 088 | 081 078  065| 070 | 063 | 0.84 | 086  0.53 0.51 0.26
Mg 048 | 044 | 032 | 073 | 000 | 067 | 032 | 064 | 024 034 | 0.00 0.13 1 0.00
Na 086 | 063] 000| 071, 052 | 000| 000 | 058, 0.00| 0.00| 0.00 0.13 10.00

Overall it is evident that approximately 26% of the regression equations fail to supply a significant
explaining variable (see Table 4.5.14), and that in these instances the “estimated” biomass nutrient
concentration is thus a constant term. In addition, the percentage variance accounted for (R?) decreases
with the sample size, and the best results are obtained using individual species. E. fastigata and E.
grandis have most variation explained by their regression variables, while E. dunnii, E. macarthurii and
E. viminalis have the least. There is also a tendency for a better data fit on bole wood nutrients, with
no difference between the other biomass components. P and Ca in biomass components are more easily

accounted for than any other nutrient.
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Fig. 4.1. Under-bark stem volume per trial and species
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Fig. 4.2. Basal area per trial and species
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Fig. 4.3. Dbh-height ratio for species across sites
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Fig. 4.4. Mean leaf dry mass per species and site
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Fig. 4.5. Mean branch dry mass per species and site
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Fig. 4.6. Mean dead matter dry mass per species and site
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Fig. 4.7. Mean bole bark dry mass per species and site
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Fig. 4.8. Mean bole wood dry mass per species and site
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Fig. 4.9. Dry mass of components per species
Average above-ground tree profile: All sites
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Fig. 4.10. Dry mass of components per site
Average above-ground tree profile: All species
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Fig. 4.11. Dry mass of components per species
Average above-ground tree profile: GE.10
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Fig. 4.12. Dry mass of components per species i
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Fig. 4.13. Dry mass of components per species
Average above-ground tree profile: GE.12
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Fig. 4.14. Dry mass of components per species
Average above-ground tree profile: GE.13
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Fig. 4.15. Dry mass of components per species
Average above-ground tree profile: GE.14
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Fig. 4.16. Mean water content per component and site

Averaged across all species
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Fig. 4.17. Mean water content per species and component

Average across all sites
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Fig. 4.18. Mean leaf water content per species and site
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Fig 4.19. Mean branch water content per species and site
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Fig. 4.20. Mean bark water content per species and site
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Fig. 4.21. Mean bole wood water content per species and site
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