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(vi)

SUMMARY

A study has been made of the influence of several environ-
mental factors on seed germination and seedling growth of E.

camaldulensis from a number of regions throughout its extensive

range.

Seedlots from six provenances of E. camaldulensis were

used to determine the effects of a range of temperature regimes on
the germination behaviour of the species. There was no germination
at the lowest temperature fegime (15/1000.) in any of the provenances
at day 6 of seed germination. At the same period of seed
germination, there was a marked nbrth—south division at the
temperature regime of ’IB/’ISDC. — the seeds of the southern
provenances germinated rapidly but little or no germination was
recorded for the seeds of the northern provenances. For all the
provenances the optimum temperature for maximum seed germination

was between 30/250 and 33/28°C.

Some effects of light conditions on seed germinatioh were
examined in relation to pfovenahces. ‘There appears to be no
distinct difference betwaen provenances in light requirement for
seed germination, but seeds may be positively photoblastic to
red light region of the visible light spectrum.‘

|provenances
Progenies of E. camaldulensis from several -~ -~ ° . were

grown under a range of environmental conditions - three temperature
and three photoperiod regimes. Temperature had significant effects

on growth of E. camaldulensis, and the optimum temperature for many
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of the seedling growth characteristics and dry weight productions
was the medium temperature (27/22°C.). 1In these studies there
were marked differences in seedling characteristics between
provenances, suggesting a positive natural selection in northern
regions of individuals with adaptation to harsher environmental
conditions. There were some differences between provenances in
their reaction to variation in photoperiod. Thé provenances
differed in seedling height growth at 12~ and 14-hour photoperiod,
for example, at these photoperiods Todd River provenance had the
greater height growth‘and Katherine provenance the least. However,
it was demonstrafed that in the case of Todd River provenance,
seedlings responded in height, but not in dry matter production.

The effect of frost treatment on the provenances of the
species was examined under a rénge of controlled conditions. Frost
resistance in the species varies according to seed origin. For
unhardened seedlings, the northern provenances were more frost
resistant than the seedlings from the southern provenénces. When
seedlings were prehardened before frost treatment, there was a
reversal of the results for unhardened plants, that is, the southern
provenance seedlings were more resistant to frost than the seedlings
of northern origin.

A study waé made of the effect of provenances on early
root development and results were compared with those obtéined for
2 coastal eucalypts — E. saligna and E. pilularis. There were no

marked differences between provenances of E. camaldulensis in their

root production, but marked differences exist between E. camaldulensis
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and the 2 coastal eucalypts in this respect. All the provenances

of E. camaldulensis are capable of developing roots very rapidly

to explore any drying soil, thereby helping ensure survival in

harsh environmental conditions.
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CHAPTER 1

LITERATURE REVIEW

THE STUDY OF VARIATION AND IMPROVEMENT IN FOREST TREES

Foresters have recognised inherent differences between
individuals within forest tree species as far back as the 16th century.
Many technidues have been uéed to detect these differences and to
describe them. Variation in tree‘species have been studied in
taxonomic, genetic, and more recently in genecological terms.
bGenecongical studies involve correlation between metric characteristics
of the plants and their habitats. These can be carried out in field
experiments to establish the genetic bases of variation, and in
breeding experiments under controlled or natural conditions; Planting
experiments have also been used to explain environmental selection and
ecotypic differentiation in plants. Physiological and morphological
characteristics of plants measured either in the natural habitat
or in the controlled environment appeaf to be the essential tools of
genecologists in studying vériations and evolution in forest tree

species.

1.1 Taxonomic Approach

Taxonomic investigations,weré the earliest applied to the
study of variation in forest tree species. These were both inexpensive
and rapid. A complete study may involve the use of herbarium material

and collections made in local wild populations. Differences in



floral parts, buds, cones or seed capsules, leaves and tree barks

are taken as indications of variation in the local population, but
this does not permit separation of the environmental from the genetic
effects. A number of examples of taxonomic study of variation follow.

Forde (1964) made a thorough taxonomic investigation of Pinus radiata

in its natural populations. She scored a number of morphological
characters such as branches, cones, and needles collected from the
wild tree population in California. She found that the species
consists of three disjunct populations, and within the populations
some variation was apparent. |

Using the same type of approach, Daubenmire (1968) studied

some geographic variations in Picea sitchensis and discussed their

ecologic interpretations. His studies were concentrated in Northern
California where he collected ovuliferous cones, twigs and needles

of the wild trees and hybrids of the species to examine the morphological
characteristics. Variability in the species was found to result from
unrestricted gene flow in the population.

Another typical example of taxonomic approach po genecological
investigation is that of Critchfield (1957). Specimens of EEEEE
contorta were collected from wild and cultivated populations of the
species and a study made of the way morphological Chéracteristics
vary with habitat. Analysis of numerous guantitative characters
resulted in the division of the species into four taxonomic subspecies
exhibiting geographic unity and heritable differences.

The taxgnomic approach is a useful guide to variation in

a forest tree species but in the past has sometimes been of limited



value because within-population variation has been based on limited
field material. More recent studies however, include much more
comprehensive collections and locality descriptions, permitting cor-

relations to be made between the taxonomic characters and habitat.

1.2 Environmental and Genetic Variation

Two major categories of variation form the basis for all
studies on variation and evolution in plants. The first kind of
variation may be referred to as ENVIRONMENTAL VARIATION. Two plants
having identical gene-makeup, will not necesSarily receive exactly
the same amounts of light, water, and nutrients - even where grown
side by side in a field situation. Thus, when these two individuals
develop some different morphological characteristics, we have environ-
mental variation. The second type of variation in forest tree
species occurs where there are differences in the genetic makeup of
individuals. This may be caused byvbhanges in the structure of
genes, by mutation, and by recombination of genes associated with
sexual reproduction. Sinnott, Dunn and Dobzhansky (1950) describe
such variation as HEREDITARY OR GENOTYPIC VARIATiON. According to
Daubennuire (1967) genotypic variation within a épecies results from
the cumulative effect of a long series of minute changesrin the
organism over a period of time. In natufé, variation recorded in a
species may be partly environmental and partly genetic in origin.

Adaptive selection. In any one environmental situation those plants

survive that are in rhythm with diurnal and seasonal periodicities

of the habitat, that can tolerate the moisture and wind conditions,



that can utilise the soil there, and that can compete with other

plants and animals. The environment constantly eliminates unfit
variants and in this manner acts as a sifting screen but the sifting

of the various environments differs, and ecologically different races or
"ecotypes" result. Turesson (1922a) first used the term ecotype and
defined it as "the product arising as a result of the genotypical
response of an ecospecies or species to a particular habitat".

Ecotypic variation refers to differences in morphological and physio-
logical characteristics or organisms which developed as adaptive
features of the organisms to a particular environment.

This type of variatioh is recognised by the observation of
habitat-correlated variation in morphological features. Many wide-
ranging species are considered to pdssess a considerable amount of
ecotypic variation. Where habitats differ in a number of ways,
adaptation in several features will be essential for the survival of
thevorganisms. Heslop-Harrison (1964) thought that, higher plants
would need.td adjust their "developmental cycle" for adaptation to a
range of climatic changes. If a species is td survive adverse
conditions a épecial mechanism for protection needs to be developed
so that the species can make normal evolutionary progress only under
suitable conditions.

Transplant experiments may be used to test this type of
variation. Individuals or the offspring qf many individuals from a
range of ecological conditions are raised under controlled conditions,
and differences between individuais which are observed when grown in

similar environments are ascribed to differences in genotype.



Many attempts have been made by genecologists to demonstrate
ecotypic variation in forest tree species. For example, Sguillace
and Silen (1962) established that the growth rate of ponderosa pine

(Pinus ponderosa) from different habitats was strongly correlated with

moisture distribution in the habitats. Ecotypic variation may also
result where a species is subjected to variations in habitat temperature
and daylength. Since seasonal variations in temperature and daylength
serve as clocks in the plant habitat, thermal and photo-periodic
responses become selective, and adaptation to the conditions can be
achieved by the modification of thermo-photoperiodic reactions (Heslop—
Harrison ﬁ954).

Photoperiodic adaptation has been demonstrated in forest
tree speCiES which are distributed over a wide latitudinal range.
Vaartaja (1954, 1959) found variation in the responses of northern
and southern races in several tree species tested for growth rate and
onset of dormancy under various photoperiods. Using controlled
photoperiods in cabinets, he examined the growth rate of seedlings of
many forest tree species grown. from séeds derived from wild or natural
populations. Due to the effect of long days, apical growth continued

in northern races consisting of Pinus sylvestris, Larix lacicina

and Eiggg abies, while some southern races fequired short photoperiod
for apical growth. |

" Huxley (1938) used fHe term character gradient or cline to
describe variation where a character gradient can be correlated with
an ecological gradient. Most spécies that span a range of latitudinal

and altitudinal climatic areas will possess clines for the physiological



and morphological characteristics adapting them to the ecological
conditions present in different parts of their range.'

There have been many investigations of clinal variation
in forest tree species. For example, Langlet (1959), and Wright
and Baldwin (1957) have shown intraspecific ecoclinal variation in

scots pine (Pinus sylvestris). Ecoclines are clines related to

ecological gradients within a restricted area. Clinal variation

in scots pine, which spans over 25° of latitude, involved several
morphological and physiological features such as leaf length,
hardiness, dormancy period and shoot extension rate. Both continuous
(clinal) and discontinuous (ecotypic) variations were found in

the species. In the 1938 international test involving fifty-two
provenances, some northern provenancesyoccupied latitudinal belts

and had a clinal relationship to each other, while the southern
provenances had no particular latitudinal or climatic limits.

Barber (1955), and Barber and Jackson (1957) have established
the presence of clinal variation in several species of Eucalyptus in
Tasmania. In field observations along a transect passing from
altitudes of 2500 feet to 4000 feet in north cenfral.Tasmania,
parallel clines were demonstrated in‘g. gigantea, E. gunnii and E.
coccifera. For example, the authors suggest that changes in
glaucousness of the leaves and stems represented changes in the gene
complement controlling wax development; along the altitudinal transect
there is a temperature gradient - [there is g séleotivé advantage in

waxy surfaces and as the temperature decreaées towards the high altitude,

there is an increase in glaucousness.



In the like manner, Eldridge (1969) investigated clinal
variation in E. regnans in Victoria (Australia). He used transplant
experiments to examine the physiological characters of the seedlings
raised from seeds of wild species collected along an altitudinal
transect on Mount Erica, Victoria. He supplemented his field work
with observations of the seedlings under controlled environments.
Clinal variation was found between and within populations along the
transect.

Similarly, Pryor (1956c) and Geen (1968) found that snow
gum (E. pauciflora) populations vary clinally in several directions
indicating correlation with habitat variations.

Use of planting experiments to investigate adaptive responses.

Planting experiments can be used to investigate adaptive responses
of species to a range of diverse environmental conditions. Turesson
(1922b), Gregor (1938a 1939) have shown by careful transplant
experiments that species from different habitats retain their dif-
ferences when planted in different conditions, and hence can be
concluded as being genetically different. - The species retainéd
their genetical identity even when they were grown side by side in
constant—-environment gardens.

A refinement of the transplant techniques was developed
with great success by Clausen, Keck, and Hiesey (1940) and Turrill
(1940). These authors divided a single large perennial plant into
several parts and grew the clonalvdivisions under different environ-—
mental conditions, thus retaining identical genetic complexity of
the individual ramets. By this method important physiological

differences in plants were discovered. Some genotypes have a



constitution which can be modified by the environment, and this in

turn makes analysis of the results of transplant experiment hard to
explain, but many species have a rigid genetical consti.ution that

can be affected by environmental factors.

In Australia, Pryor (1956) and Green (1968) have used out-
plantings to study clinal variation in snow gum (E. pauciflora).
Seedlings raised from open pollinated seeds of the natural population
at different elevations were transplanted. From thé data obtained,
it was evident that seedlings Frdm high altitude were more resistant
to frost than those from low altitude. The survival rate in winter
 was also higher in high altitude plants than in low altitude plants.
Similarly, Pryor and Byrne (1969) used transplant technigues to study

broad variation patterns and taxonomy of E. camaldulensis. They found

both longitudinal and latitudinal variation within the species, and
recognised two distinct écotypes of northern and southern origin,
based on variation on genetic properties such as glaucousness of
leaves, and presence or absence of lignotubers. Their findings
confirmed the results obtained by Karschon (1967) who grouped the
species into two broad types, based on physiological characters of
transplants.  Burley, Wood and Hans (1971) used trees from 25

provenances of E. camaldulensis planted in 1967 at Chati Forest Reserve

on the Zambian copper belt to investigate variation in physiological
characters of the leaves. They found that provenances differed
significantly in leaf length and width, base angle and oil gland
density. Their results are in line with what other scientists have

discovered about the same species.



Working on geographic variation in survival, growth and
fusiform—rust infection of planted Loblolly pine, Wells and Wakely
(1966) used the seedling outplanting technigue and found that
seedling survival, height growth and rust infection are genetically
controlled within this species.

Very little attention has been given to provenance studies
of tropicai forest tree species. A few economic species such as

teak (Tectona grandis), Acacia species and some tropical pines have

received some attention over recent years. For example, in his

studies on teak (Tectona grandis) in Thailand, Hedegart (1971) set

up trial plots of teak at Huey Tak Teak plantation and Kiu Tup Yang
plantation using seedlings from 63 natufal populations. Seed size
and weight varied considerably between the populations, as did the
survival and height growth.

Biochemical studies. In recent years, the usefulness of biochemical

criteria in evolutionary and systematic studies has been demonsﬁrated.
The chemical characters of forest tree specieé are examined and
analysed to aid taxonomic classification and to explain the type of
variation in plant kingdom.

Using paper chromatograms of needle extract substances,
La Roi and Dugle (1957) carried out systematic and genecological

studies of two closely related spruce -‘Picea glauca and Picea

engelmannii. Collections were made of branches, needles and cones
of the species. Sampling was done in the wild populations throughout
the range of the species. Arboretum, nursery and plantation speci-

mens were also collected to supplement the studies on natural
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population. Flavonoid and phenolic compounds from the various
specimens were examined chromatographically, and morphological indices
for a number of characteristics were also scored. The data were
analysed to find out whether variation within the species could be
correlated with habitat. The species exhibited distinct variation
in their chemical composition, and the data were also found useful
in distinguishing the species.

In the same manner, Banks and Hillis (1968) used a bio-
chemical approach to demonstrate a northern and a southern ecotype

in Eucalyptus camaldulensis. Chemical extracts from leaf and seed

specimens of natural population of the species were chromatographically
examined . These authors found they could divide the species into
twq distinctive grdups based oh thé chemical data, and these groups
were similar to those previously jdentified using morphological and
physiological characteristics (Karschon 1967, Pryor and Byrne 1969).

The influence of environmental factors and the significance
of physiological plasticity in the chemical characters can not be

evaluated unless further studies are carried out in controlled

environment and probably in provenance studies.

1.3 Genetic Studies on Forest Trées

Genecolqgical investigation of forest tree species need not
be limited to the detection and description of variation in forest
trees and the way variation correlates with environmental factors.

It may also involve the study of those aspects of tree genetics which

can have a direct bearing on tree breeding. Methods and techniques
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for the study of the genetics based on theoretical principles, have
been developed to help improve the genetic constitution of trees for
mants benefit. These studies have concentrated on the study of
adaptive properties of plants, heritability estimates, combination
of genetic characteristics through hybridization, and tree breeding
techniques generally.

(a) Adaptive properties of foreét trees

Adaptive characters in plants are inherent characters which
can not be affected by environment, but are:genetically controlled.\
For examplé, Rudman and his associates have used X-ray densitometic
techniques to study the wood density and the adaptive characteristics
of threeveucalypt species. The fibre length of the three species‘
was also examined by measuring delignified fibres using a projection
microscopy. They found both wood density and fibre length to be
under strong genetic control. Therefore it would be possible to
select for wood density and fibre length to develop genetically
uniform stock for different products. Higgs (1969) inveétigated in
more detail the factors affecting the wood density and fibre length
of E. regnans by examining the wood properties of seedlings grown
under controlled environment. He supplemented this work by examining
the properties of wood from trees growing in wild populations of the
species. He discovered that temberature affects both fibre length
and wqoa density of seedlings growing under a range of temperatures.
Fibre length was greater at higher temperatures in the range 15/’!0D
to 24/19°C. (day/night) temperatures, but was smaller at 27/22°C. than

that at 24/1900. The variation in average wood density at different
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temperatures differed from those for fibre length. Wood density
tends to be smaller at higher temperatures. For adult plant in
natural population, Higgs found that fibre length was greater at
greater distance from the pith at all height levels of the tree.

(b) Heritability estimates

Heritability is the measure of strength of inheritance or
transmissibility of a trait which might be selectedifor, or gained,
in tree breeding. AHeritability values can be estimated from informa-
tion derived from a well-designed and replicated experiment which
can indicate the variance of a particular characteristic, both between
and within families of of fspring.

Two types of héritability . commonly reférred to

. are "narrow-sense" and "broad-sense"

heritability. Broad-sense heritability of a trait can be measured
by growing vegetatively reproduced clones in a uniform environment,
and measuring the variation in that trait. In vegetative propa-—
gation of plants there is no change 6F gene constitution, and plants
derived in this way are expected to have the same properties as their
parents. |

In any study of narrow-sense heritability, sexual repro-
duction is needed, and this involves the use of séedling stock derived
from 'open' or controlled pollination experiments. .The heritability
values derived from the seedlings raised from seeds are expression
of the genes transmitted during genetic recombination at meiosis.

After sexual reproduction, narrow-sense heritability have been

estimated for height, stem diameter, wood densities, and fibre length
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in forest trees, and genetic control of their properties has been
demonstrated. Higgs (1969) considered that the estimates of narrow-
sense heritability in E. regnans are large enough to justify the
implementation of tree improvement programmes for useful genetic
gains.

(c) Hybridization

According to Wright (1962) hybridization in forest tree
species is the érnssihg of distinct species, races or portions of
clines for tree improvement purposes. The main goal of tree breeders
is the combination of desirable characters from two or more parent
trees. Wright has proposed a procedure for a hybridization
programme: (i) The species 'crossability' should be determined,
followed by repetition of successful crosses using several provenances
of the parent species involved, (ii) nursery and field testing should
be carried out to determine the hybrid vigour, and (iii) any
promising hybfid of desifed species should be mass produced.

Many investigations on hybridization have been carried out
in both soft wood and hard wood species. One of the first recorded

instances of hybridization was the cross between Larix leptolepsis

and L. europaea (Japanese and European larches) to produce the hybrid

known as Larix eurolepis. The hybrid was.nof vigorous growth, but it

was mainly its capacity for resistance to the dangerous "larch canker"
which gave it popularity. Other examples of importance in plantation

forestry in Australia relate to hybrids between Pinus radiata and

Pinus attenuata, and between Pinus elliottii and Pinus caribaea.

Hybrids of Pinus radiata and Pinus attenuata occur naturally in
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Santa Cruz county, California and they have been produced artifically
in California. These Hybrids are found to be intermediate between

the parents in growth rate, cold resistance, stemform and flowering
time. The hybrids may not possess any advantage over the fast growing,

high—quality Pinus radiata in warm areas of Australia, but they cer-

tainly offer a means of introducing valuable radiata pine genes into

cool areas.

In Queensland, Slee (1968) found that the hybrid between

Pinus elliottii var. elliottii and Pinus caribaea var. hondurensis
has a seasonal grthh pattern intermediate between that of the parents,
and an adaptation to the soil conditions of the coastal lowlands

of Queensland, that is more like that of the Pinus elliottii parent.

(d) Tree breeding

Many genecological studies have been a basic part of tree
~breeding programmes. The main objective of tree breeders is to

develop stands of individuals with the more desirable inherited
characters. This may be achieved by increasing the plant growth rate,
producing higher gquality wood, and inducing resisfance to biotic
and non-biotic factors.

Many of the methods used in’tree breeding are based on
selection of the best populations or individuals within population,
estimating of the heritability of desirable charactersband the
propagation in seed orchard of those individuals with desirable
characters which are under a large degree of genetic control.

Methods of tree breeding have been classified into three
major categories by Vidakovic (1969). These categories include —

(a) Breeding by selection,

(b) Breeding by hybridization, and

(c) Breeding by mutation and polyploidy.



The description and applicability of each method have received
attention by Duffield (1962), Wright (1962), Vidakovic (1969) and

many other forest geneticists.

18
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CHAPTER 2

INTRODUCTION TO STUDY OF EUCALYPTUS CAMALDULENSIS

2.1 Purpose of Study

Provenance differences can be expected to occur in E.

camaldulensis because of its widespread distribution oovéring a wide

range of environments. Provenance in this study will refer to
seed of known origin, and origin the locality of collection. The

distribution pattern of E. camaldulensis provides a logical basis

for a division of the species according to major river systems in
Australia (Larsen 1967), and almost limitless further sub-division
is also possible into isolated populations in the tributaries of the
major rivers. On account of the wide occurrence of E. camal-
dulensis the varieties listed by Blakely (1965 3rd Ed.) are now
regarded as édptations to particular habitats and are included with
the species (Johnston, Marryatt 1965).

Provenance differences can be exhibited in many ways.
Physical and physiological differences oflpossible ecological
importance have been shown to occur in Eucalyptus, for example,
occurrence of lignotubers (Karschon 1971), susceptibility to frost
(Paton 1972), and glaucousness of the leaves (Barber 1955). Such
reactions to changed environmental factors may be very pronounced and
in some instances so pronounced as to render a provenance unsuited
to a particular environment. Only recently hés work on the

eucalypts begun to document provenance differences but the importance



f these differences has long been recognised for many European
species and provision made for these differences in forest practice
Langlet 1959, 1963).

The importance of understanding provenance variation in

‘orest trees and in particular in E. camaldulensis can not be under

istimated. The information provided by the studies on provenance

1ssists the effective choice of provenance for the establishment of

17

:he species in plantations. A knowledge of the pattern of variation

ind adaptability of the spécies to certain environmental conditions
iay eventually help in directing a tree breeding programme for a
articular locality.

The objective of this study, therefore, is to explore
several of the ways in which provenance difference can be exhibited

in E. camaldulensis under a range of controlled environmental

sonditions.

2.2 Distribution of E. camaldulensis, Dehn

Eucalyptus camaldulensis, Dehn, (Syn. E. rostrata,

Schlechtend) is commonly known as\river red gum, It is a medium to

noderately tall tree, usually with a large diameter. In open forest

“ormation, the bole is short and thick with a large crown. E.

samaldulensis is the most widely distributed of all eucalypts in

Australia. It is found throughout mainland Australia with the
axception of the southern parts of Western Australia, the coastal
*ringes of Victoria, New South Wales and eastern Queensland (Figure

2.1). It is completely absent from Tasmania.
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E. camaldulensis occurs along or near almost all the seasonal

water courses in the arid and semi-arid areas of Australia and is

found along many other streams and rivers in the south-east of the
Great Divide (Hall, Johnston and Chippendale 1970). The principal
location is along the Murray River and its tributaries and the lowlands
of south-west Victoria (Hall, Johnston and Marryatt 1963). For the
most part it forms open savannah woodlands and is limited to a

narrow strip along the rivers which are regularly inundated by flood
waters. The broader the river flood plain, the wider is the zone

occupied by E. camaldulensis forest.  Although mainly a tree of

riverain and plain locations E. camaldulensis sometimes extends

beyond this habitat. It can occur at quite high elevations as for
example in the Mount Lofty and Flinders Ranges of South Australia
and in the sub-tropics where the species extends to 600m at Alice
Springs, Northern Territory. The altitude where satisfactory
growth takes Dlace‘is usually-between 30 and 230m (Hall, Johnston
and Marryatt 1963).

Latitudinally the principal occhrence is from 33° to
36.5S but the range is very much wider, from 15.5° to 38°s.

E. camaldulensis grows under a wide range of climatic

conditions, from tropical to tempefate, but mainly in afeas of low
rainfall and high summer temperatures (Tables 2.1 and 2.2). The annual
rainfall throughout its range of occurrence is mainly 200 to 600 mm,

but limited areas receive up to 1000 mm. In areas of 200 to 350 mm

rainfall the species relies on seasonal flooding or the presence

of a high water table for establishment and survival. E. camaldulensis

is resistant to drought as well as to winter frost.
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Although E. camaldulensis thrives under seasonal inundation,

it cannot tolerate submersion for a long time, especially during
the summer when the soil temperature of the flooded areas is too
high for the survival of the species. The highest guality of

E. camaldulensis pure forest is generally found on the lower ground

subject to regular flooding except in the case of permanent or quasi-
permanent swamps which are only populated by reeds and swamp grasses
(Jacobs 1955). With rising level and decreased frequency of flooding,

the quality of E. camaldulensis forest tends to decrease. At levels

where flooding is very infrequent, E. camaldulensis is of low

guality and is mixed or replaced by box species such as yellow box
(E. melliodora, A. Cunn. ex Schan.), grey box (E. microcarpa Maiden),

and black box (E. largiflorens, F. Muell. Syn. E. bicolor A. Cunn.).

In the Western forests of Victoria and New South Wales, black box

Q;. largiflorens) replaces E. camaldulensis on higher ground.

23 Economic Significance of E. camaldulensis

Eucalyptus camaldulensis serves a limited role in

Australian forestry practice. However, it has some value for the
production of hardwood along the Murray River. The areas has been

cut over for logs, sleepers and piles for over 100 years. Past
utilisation standards were high agd selecfive logging has 1left some
stands consisting almost entirely of over-mature trees. Early logging
made use of the regular winter-spring flo