
CHAPTER ONE. THE PROPERTIES AND CLASSIFICATION OF
FOREST SOILS

I. INTRODUCTION

Historically, research in soil classification and

pedology in Australia has arisen in response to interest
generated by soil surveys of agricultural land (Taylor, 1970).
Consequently Australian soil science research has neglected

the importance of properties and processes which are uniquely

different in soils under forests.

The study of soil genesis and morphology under

forest communities requires special consideration of the

vegetation as a major site factor influencing soil formation.
A forest community differs from a pasture or cultivated

crop-land by having individual plants which can influence soil
formation in two ways:

i. By the impact of their physical size

and the associated mechanical forces imposed on discrete
areas of soil.

U. By their individual presence over

temporal periods of sufficient length for significant
changes to be induced in the nature and development of the

more labile soil properties.

Each individual tree may induce different effects

on the nature of the adjacent soil to that which the forest

community as a whole may produce upon the soil landscape.

For example, stemflow water may be a significant vegetative

factor influencing soil development near a tree (Gersper and

Holowaychuk, 1970 a, b) whereas at the community level,

litter accumulation and soil biological activity may have a

greater impact on the nature of the soil as a whole (Wilde,

1958; Lyford 1963).

The complexity of the interdependency between soil

properties and forest vegetation has led to confusion in

Australia when attempts have been made to characterize the

nature of the soils under a particular forest community or

when the distribution of two or more forest communities has

been associated with particular properties of the soil.
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It is necessary to understand in both situations what soil
properties are dependent upon the presence of the forest

vegetation and how variable these properties are within that
community before any attempt can be made at isolating soil
properties independent of the vegetation which maybe important
in delimiting the environment for a particular forest species
or community.

Soil properties dependent upon forest vegetation are
not necessarily evenly developed and distributed throughout

a forest community.	 Whittaker	 (1970) states:

"When one conceives of the forest in terms of
superimposed, different distributions of dozens of
plant species and hundreds of animal species, the
complexity and subtlety of pattern of the community
may be evident". (p.14)

if each individual forest tree has the capability
to induce certain dependent soil properties in its vicinity

then there must be a highly variable, spatial patterning of

dependent soil properties within a forested ecosystem.

The aim of this study is to describe and classify

the forest soils under flooded gum (iucalvptus grandis Hill

ex Maiden) and blackbutt (iIicalyptus pilularis SM.) forest

communities near Coffs Harbour, northern New South Wales,

and in particular to determine and compare the spatial
distribution of soil morphological, chemical and physical
properties about the boles of large individual flooded gum
and blackbutt.
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II. INTERRELATIONSHIPS BETWEEN FOREST AND SOIL:
A REVIEW OF THE LITERATURE

1,1 THEORETICAL BACI,GAOUND.

A much-quoted definition for soil is; "the medium
in which plants grow", a simple generalization for a complex
relationship. The association between soil and vegetation
is not simple because the formation and development of each
is dependent upon the other.

Past and present workers have evaluated the role of
vegetation in their fundamental models of soil formation,
often with different emphasis. The appropriateness of such
models, as applied to forest soils formation, needs to be
more closely examined because of the particular, almost over-
whelming influence of forest vegetation in its environment
as compared with, for example, grass swards in pastureland.
Therefore a review of some theoretical concepts of pedogenesis
is presented below with special emphasis on the status of
vegetation as a factor of soil development.

a) Theories of Soil Formation and the role
of Vegetation.

Theories on soil formation first postulated
by Dokuchaev were incorporated by Jenny(1941) into the
concept of soil, or any soil property, being a function of
five recognised independent state factors. The fundamental
equation of Jenny is:-

S or s = f (cl,o, p, r, t....)
	

co
where S denotes the soil, s any soil

property,c1 the climate factor, o the biotic factor, E . the
parent material factor, r the topographic factor and t the
time factor. Jenny(1941) gives precise definitions of each
state factor to strengthen their independence. Crocker(1952)
has critically reviewed these definitions.

Partial solutions to equation 1 can be found for
each single state factor if all the other factors are consid-
ered constant (or varying to a degree not considered important.
The "biofunction" (Jenny, 1941) is one of these restricted
solutions of equationOand it is of particular interest to
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S = f(o)	 ("the biofunction")
C1, p 9 r, t...

Here the soil or soil property can be considered the
primary resultant of biotic activity only when climate, parent
material, relief and time are constant (within the definition
of these state factors of Jenny, 1941). The import of this
biofunction must be .analysed in respect to the definition of
the biotic factor which, because vegetation was considered the
most important component, was given as:-

"the summation of
plant disseminules reaching the soil site or the
potential vegetation; it is approximated by a list
of species growing in the surrounding region that
could gain access to the site under appropriate
conditions" (Jenny, as quoted by Birkeland, 1974;
p.128)

that is, for
vegetation to be an independent factor it must be expressed
as the "potential vegetation or species pool" (Birkeland,
1974) of that region. The actual vegetation at any site is
itself a function of the same set of state factors used in
Jenny's fundamental equation (Major, 1951). That is:-

V = f(cl, o, p, r, t...)

which
gives the following relationship in comparison with Jenny's
fundamental equation:-

EXTERNAL INDEPENDENT VARIABLES

[CL, 0, P, R, P. 	 ?	 [EL, 0, P, R, TH2



From the above considerations it is apparent that the
actual vegetation cannot be taken as an independent variable
but rather as a factor dependent upon the site soil and the
"external" independent state factors of equation 3.

Jenny(1958) further analysed the dependent-independent
problem of the biotic state factor following Crocker's(1952)
review and developed the following expression incorporating
both the independent and dependent features of vegetation and
soils in soil formation.

0 19 cl' ++ Q1nt tit tit u	 S i,	 • • • Sn = f(o)
C19 p, r, t

Here o and el' are the above ground
assemblages of organic and microclimatic factors; o", d", r",

p." are other dependent variables enclosed by the soil, and
S1-4Sn are various soil properties. This "expanded biofun-
ction" and its simpler predecessor (equation Q ) can be
considered as restricted expressions of a more sophisticated
open system model of Jenny(1961). For such a system Jenny
defined a generalized "state factor equation":-

1, s, v, a = f(Lo, Px, t)

where 1 denotes

ecosystem properties, s soil properties, v vegetation proper-
ties and a animal properties. These above dependent variables

are a function of three state factors; Lo the initial state

of the ecosystem when genesis starts, Px "external flux
potentials" or the input/output rate per unit of the boundary
gradient for a particular property of the system, and t the
age of the system.

At time to the ecosystem described by Lo with all the
state factors being external and independent to the system.

An example would be area recently covered by debris from a

landslide. In this case the vegetation component of the

biotic soil factor o would be the potential vegetation or
"plant disseminules" (Jenny, 1941) available to the landslide.
site. The biotic factor o can be considered as an external
flux potential ("Px"; Jenny, 1961), i.e. an external independ-
ent input to the initial system.
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However after time to and once vegation is established
then that vegetation must act as a dependent factor within the
system as indicated by equation 0 Note that vegetation may
introduce dependent variability in the microclimate, parent
material, iforganic matter is considered as such (Armson, 1977)
and relief by lowering water tables etc. (see diagram above).

Finally, consideration of an open vegetation-soil
system must include time, the third state factor in equation
0, because both the external flux potentials and the internal
dependent factors can change with the age of the system. For
instance at time to the biotic factor represents the potential
vegetation to the barren landslide debris estimated by a
species list of the surrounding external system (Jenny, 1941;
Crocker, 1952). But only a percentage of these species; the
opportunists, will be capable of colonizing such a disturbed
site. As the vegetation community develops through its seral
stages different species disseminules will find a suitable
habitat if they can compete against the existing vegetation
(Crocker, 1952). While the nature of the external independent
biotic factor does not change, the "flux potential" (Px) for
particular components of biotic factor will vary with time.
For example opportunist plant species have a high "Px" in the
initial stages of colonization but the development of the
vegetative competition increases the "resistance" to the
establishment of these plants so their "Px" decreases.

The internal dependent variables of the system
associated with the vegetation will change with time as the
system develops and changes. A particular soil body may
have features relict from past vegetation communities together
with properties attributable to the present plants. The
features maybe distinctly different, intergradational or

cumulative over time. For example, a leguminous nitrogen-
fixing species changes the nature of the soil allowing the
colonization of more competitive nitrogen demanding species
at subsequent stages of plant succession. Crocker and Major
(1955) found that soil nitrogen under the influence of Al__ nus
sinuata (sitka alder) increased until the age of 50 years on
outwash gravel, after which alder was largely replaced by
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conifer forest types. Tarrant(1961) and Newton, Hassan and
Zavitkovski(1968) have noted similar changes in soil propert-
ies as alder is replaced in succession.

Therefore in summary the relationship of the develop-
ment of a particular soil or soil property and associated
vegetation can be best established where the following
circumstances prevail:

1. The system studied must be capable of the
simplification assumed in Jenny's biofunction (equation 0)
That is, the biotic factor isthe only independent, external
variable which is not constant and therefore contributes to the
variation of the system.

ii. The influence of the independent biotic factor

can be separated from changes introduced by internal dependent

variables related to vegetation while the system is evolving
with time.

(b) Application of Theoretical Concepts 

Separation of soil properties attributable to the
external biotic factor is a difficult and probably a somewhat
esoteric venture. Jenny(1941) cited the nature of prairie-
forest transition in midwest U.S.A. as an example applicable
to modelling with the biofunction. The different nature of

the soils found beneath the adjacent forest and prairie-plant

communities and the intergrading properties occurring in the
transition zone between the two communities has been studied
by numerous workers including White and Riecken(1955), McComb

and Riecken(1961), Geis, Boggess and Alexander(1970) and
Steverson and Arneman(1973). Crocker(1952) stated that the
prairie-forest transition was a complex situation and that
generally biofunctions were an abstract ideal to which only
qualitative approximations (Crocker used the term "floroseq-
uences") could be possibly found in natural conditions.

The study of the dependent interrelationship between

vegetation and soil has more immediate and practical applic-

ations. Research on this topic is more advanced in the
agronomic area than it is for forestry. Forest science studies
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in Australia have often used the model of forest vegetation

as being dependent upon soil or soil properties. It is often

difficult to decide in these studies whether soil is being

treated as an independent variable (as part of the parent

material factor in equation 0 of Major, 1951) or as a
correlated dependent variable. A review of these Australian

forestsoil studies is presented below.

(1) Edaphic delimitation of plant communities;- vegetation
as the dependent variable:

In Australia the hypotheses

that individual edaphic properties can influence and even

determine the distribution of forest communities has attracted

much attention. Beadle (1953, 1954, 1962) and Ashton(1976)
emphasized the importance of available soil phosphorus in

determining the predominant "climax" vegetation formation.
Moore(1959 , 1961) working with Eucalyptus melliodora and a
rossii proposed that exchangeable calcium was important in

delineating the two forest communities. Phosphorus and calcium
were considered important edaphic factors by McColl and
Humphrey(1967) in determining the growth of a maculates and

gummifera in pot trials (the distinct boundaries between

the two species in the field were not however statistically

correlated with differences in the measured physical or
chemical properties of the respective supporting soils). The

relationship between soil phosphorus, calcium and aluminium
was used as an index of relative availability of phosphorus
to tree species by Humphrey(1964) for Pinus radiata plantat-
ions and subsequently cited by McColl(1969) as useful in
segregating forest species on the N.S.W. south coast into
their respective associations. Soil physical properties,
moisture and soil nutrient gradients of coastal toposequences
and their effect on eucalypt species distribution has been
studied by Florence(1963, 1964). Other workers have indicated
that limiting trace elements such as zinc and boron may
determine forest community boundaries whereas Winterhalder
(1963) produced data to show that different eucalypts
suffered varying degrees of manganese toxicity and that this
may give competitive advantage to the forest species capable



9

of surviving in a manganese rich environment.

Criticisms of studies such as those above have been
made by Lutz and Chandler(1946) who have stated that:-

"..attempts to relate forest composition to single
physical, chemical and biological characteristics of
soil have been largely unsuccessful...this situation
is to be expected, because forest composition is
determined by the joint action of all habitat factors
rather than by the influence of a single factor".(p.428)

More
pertinent is the statement of Moore(1959 ):-

"The fact that a
correlation between plant community and a soil factor
can be established does not necessarily indicate that
the factor in question is primarily responsible for
the occurrence of the particular community on that
particular site".

This is because

vegetation can influence soil development in localized areas
so that it becomes difficult to isolate actual "casual" soil
properties, independent of the plant community, which may be
important in delimiting that community in the environment,
from soil properties dependent upon the vegetation. These
dependent soil properties can be Ls labile and variable as
the life cycle of a particular tree or permanent to the degree
of influencing the nature of the next plant community in

succession (e.g., alder and the total soil nitrogen level,
Crocker and Major, 1955).

Therefore from this brief survey of the theoretical
models applicable to the soil-vegetation systems and the
method of application of these models in forest science studies

in Australia it becomes apparent that the influence of forest

vegetation on the development of soil and soil properties is
an important process which has implications for regional

models of soil genesis and forest ecology.

A review of literature on soil properties and processes

dependent upon forest vegetation is presented below.



1.2 THE INFLUENCE OF FOREST VEGETATION ON SOIL DEVELOPMENT

Forest vegetation can have a pronounced influence on

soil properties and even soil forming processes. Wilde(1958)
in his definition of forest soils specified..."three pedogen-
etic factors uncommon to other soils - forest litter, tree

roots and specific organisms whose existence depends upon the
presence of forest vegetation". There is evidence for the
inclusion of further factors but they are all interrelated to
some degree by their common biological nature. These forest
soil-forming factors will each be reviewed in sequence.

(a) Forest Pedo enetic Factors: I. Or	 ic.Matter
and Forest Floors

The early workers such as Ebermeyer and Miller in

Europe at the beginning of the century established the physical
properties, morphology and importance of forest accumulative
organic layers in nutrient status of forest soils (Armson,

1977). The two main forms of forest humus that Muller
recognised were mor; a superficial raw humus layer with little
incorporation into the Al horizon below, and mull; well

humified, comminuted organic matter distributed through a dark
A horizon. Mor humus is generally more acid than mull. This

primary division has remained to the present day but there has
been a proliferation of subdivisions and associated nomenclature

of the transitional humus types. Kubiena(1953) introduced the

term moder for the humus type intermediate between mor and

mull. Wilde (19 2+6) renamed this humus form as duff mull. The
morphology of forest floors and their classification was

investigated further by Romell and Herberg(1931), Wilde(1946),
Hoover and Lunt(1952) and Mader(1953) in the U.S.A. Wilde
(1958) presented a morphogenetic classification covering forms
of soil humus of various vegetation types including forest.

Hesselman(1923, cited in Armson, 1977) introduced the
terms L, F and H layers to designate surface organic horizons
on their degree of decomposition: the L layer being fresh
litter, the F layer, partly decomposed (fermented) litter of
still recognizable origins, and the H layer, humified organic
matter of unrecognizable origin.

10
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Hoover and Lunt(1952) produced, "A Key for the
Classification of Forest Humus Types", using; i) the mor, duff
mull and mull groupings, ii) structure of the Al horizon, and
iii) the L, F and H layer terminology. This classification
system is the most concise yet proposed for forest soils and
designed to be used in the field.

For the purposes of soil survey and classification the
USDA-SCS "Soil Survey Manual" (Soil Survey Staff, 1951) defined
two surface organic horizons; i) the Aoo corresponding to the
L and part of the F layers, and ii) the Ao corresponding to the
H and part of the F layers. A recent revision ( Supplement to
the Agricultural Handbook No.18 issued May 1962) has changed
the nomenclature of the Aoo to the 01 horizon and the Ao to the
02 horizon. The 01 horizon therefore consists of organic matter
for which the original form can be visually recognized whereas
the 02 horizon designates an organic matter layer too well
humified to determine its origin.

The importance of forest organic matter accumulations
is emphasized by Wilde(1958):

"the genetical development
of forest soils is regarded first of all as the
outcome of biological activities and complex
biochemical transformations which find their
outward expression in the appearance and
composition of humus layers." (p.99)

There has been no comparable
work on the morphology and classification of forest floors in

Australia. This is partly due to the different nature of the
sclerophyllous vegetation and its forest litter which Stephens
(1950) describes as..."thin and discontinuous and frequently
composed as much of twigs and bark as of leaves."

The ecological significance of forest floors in nutrient

cycling has come under increasing intensity of study both in

the northern hemisphere and in Australia. Comprehensive
reviews of overseas work can be found in Rodin and Basilevich

(1967) and Duvigneaud and Denaeyer-De Smet(1970). Investigat-
ions on forest biomass and nutrient cycling in Australian
forest communities have recently been reviewed and the indiv-

idual results compiled for comparison by Bevege(1978).
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Present theories of forest soil development have
concentrated in some detail on the importance of forest floors

and organic matter. Armson(1977) stated that the rate of
addition, the nature and chemical composition, and the trans-
formation processes of organic matter are important in all soils
but for the forest situation;-

"it is increasingly
apparent that certain chemical constituents,
especially of fresh origin, can exert a profound
influence on processes of soil weathering and on
soil profile development...rather than viewing
organic matter only as a component modifying
soil properties we can consider it also as a
material which may determine the nature and
intensity of soil processes." (Armson, 1977:p.64)

For instance, while the
chemical composition of forest litter is important in nutrient
addition to soil, organic compounds leached from fresh leaves,
bark and litter can also contain;-

i. Water soluble plant

or microbial inhibitors such as juglone (Fisher, 1978)
and other allelopathic agents (del Moral and Muller, 1970).

ii. Polyphenolic
substances capable of reducing iron and aluminium (Bloomfield,
1953a & b, 1957, 1967).

JAI.. Organic ligands capable
of chelating iron and aluminium (Swindale and Jackson, 1956).

iv. Water soluble reducing

sugars capable of mobilizing iron and aluminium (Malcolm and

McCraken, 1968).

The nutrient regime developed by forest floors provides

the energy sources for soil fauna and forest vertebrates which
cause major disturbance of organic and numeral surface
horizons while, on the other hand, organic compounds and
organic-complexes play an important role in stabilization of
soil structure and fabric (Duchaufour, 1976).

The continual addition of forest litter to the soil
surface maybe considered not only as an accretion of "parent
material" (Amason, 1977;p.10) but as an energy source which



can fuel various soil processes of transformation. Simonson

(1959) considered the two main "steps" in soil genesis as
"...a) the accumulation of parent materials, and b) the diff-

erentiation of horizons in the profile". The organic matter

of forest soils therefore fulfils both these important soil
forming roles.

(b) Forest Pedogenetic Factors: II. Tree Roots 

Bray and Gorham(1964) gave the proportion of root
litter to above surface litter at 2:3 for northern temperature

forests and 1:3 for equatorial forests. Armson(1977) estimates
that roots of forest trees represent 20-25% of total tree
biomass. Yet Bevege(1978) states that only 10% of the
Australian studies on biomass and nutrient distribution in
forest included the nature of forest tree roots as a component.
Roots are one of the most common features of forest soil with
Retzer(1962) estimating that from 50-75% of total root volume
occurs in the surface 15"(40cm). Although the importance of
tree roots in forest soil formation has been recognized by

Lutz and Chandler(1946) and Wilde(1958) actual quantitative
studies of the processes of, i) organic matter addition to
soil through root "sloughing" or decay, and ii) the degree of
disturbance and/or change in soil properties due to root
growth, are difficult to implement in the field or laboratory.

Such studies are therefore rare overseas and virtually non-
existent in Australia.

The role of root systems in below ground biogeochemical

cycles has been considered by Rodin and Basilevich (1967)9

Basilevich	 and Rodin ( 1968) and Newbould(1967). Research
instigated under the IBP Forest Biome studies has enabled
partial quantification of such parameters as root death and

decay, root exudation and leaching, and secondary consumption

of root biomass by soil organisms for certain forest ecosys-

tems (Cox et al., 1978). The relationship of these nutrient
cycling results to processes of forest soil formation is

still to be analysed.

Retzer(1962) outlined some of the effects of roots on
forest soils:-



i. As roots grow, soil is forced aside or

compressed (which may affect development of soil structure)

for roots can displace 25-35% of total above surface tree
volume, so Retzer suggested..."an absolute increase in

elevation of ground level no doubt occurs as the roots

develop".

ii. When roots decay an increase in soil non-
capillary porosity occurs which could facilitate

translocation of ..."iron, clays, and organic matter

around roots and in old root channels that penetrate fine

textured subsoils".

Lutz and Griswold (1939) drew attention to the
tree root mixing effect on soil. They concluded:-

"Disturbance
of the upper three feet of the soil body by tree
roots may be manifested in exceedingly diverse ways.
It is probable that all soils which bear, or in the
past have borne forest stands have been more or less
disturbed".

Gaiser (1952) attempted to
quantify the frequency of infilled or partly infilled channels

in forest soils. Hursh and Hoover (1941) and Aubertin (1971)
have pointed out the importance of such channels in the
development of macropores and their hydrologic significance.

The upheaval of soils when trees are blown over and

uprooted creates a characteristic pit-mound microtopography

with associated soil displacement, disturbance of soil

horizons and general soil mixing. This phenomenon has been

studied by Lutz and Griswold (1939), Lutz (1940), Stephens
(1956), Mueller and Cline (1959), Milfred et al. (1967),
Armson and 12'essendon (1973) and Troedsson and Lyford (1973).

One of the few Australian studies of forest-tree-root

morphology is that of Kimber (1974) and his work on Jarrah
(Eucalpytus marginata) rooting systems in 'ores tern Australian

lateritic soils. This tree species has adapted its root

system to overcome the restrictive rooting environment caused

by a massive laterite layer within its soils between the depths

of 1 to 2.5m. An extensive, lateral feeder root system occurs
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within the surface metre of soil. At 1m the massive laterite

is encountered and only a few vertical "sinker" roots pene-

trate this indurated zone to form another extensive, lateral
feeder system in kaolinite subsoil, above the water table at

depths of 14 to 15m.

Other features of roots and their influence on soil
development are the mechanical disturbance of parent material,
the absorption of nutrients from these weathering zones (Wilde
1958) and the association of concretionsfferro-manganese and
calcitic, around fine roots (Bidwell, Gier and Cipra, 1968).

(c) Forest Pedogenetic Factors: III. Specific Organisms 

The ecological diversity of a forest ecosystem and
especially the nutrient and energy sources available in forest
floors promotes a diverse range of forest organisms (Wallwork
1976). These organisms can affect forest soil development by
the following processes.

i. Enhancing the comminutation and decomposition of

forest litter (literature reviewed by Edwards, Reichle and

Crossley Jr., 1970; for invertebrates).

ii. The mixing of soil and forest floor by organism
such as ants (Lyford, 1963; Salem and Hole, 1968), termites
(Lee and Wood, 1971a, b	 ; for Australian studies) and
earthworms (Nielson and Hole, 1964). Troedsson and Lyford
(1973) studied both ants and earthworms for a Scandanavian
forest site as did Nye(1954, 1955) for tropical forest soils.
Stephens(1950) considered ants and termites of more pedological
significance than earthworms in Australia. Buol, Hole and
McCraken(1973) referred to this form of mixing as "faunal
pedoturbation" and it is usually manifested as undifferent-

iated, haploidized surface horizons.

iii. Influencing soil structure; its shape and

grade, because faunal casts can be abundant enough to
constitute an important structural component of soils. These

casts can be of cylindrical shape as found for cicadas (Hugie
and Passey, 1963) and some earthworms or spherical to mamm-
illary for other species of earthworms in the tropics(Nye, 1955).
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Earthworms are generally believed to create a more structur-
ally "fertile" soil regime by lowering bulk density and

increasing porosity (Barley, 1961). The exudates from inverte-
brates and especially fungal hyphae can be important for the
aggregate stability of forest soils.

iv. Creating characteristic soil micromorphology.
Brewer(1964) lists a number of micromorphological structures
attributable to soil fauna. Same of these are faecal pellets,

pedotubules and channels. Pedoturbation by soil fauna has
observable results in soil fabric at both macro and micro
scales.

v. Influencing the formation of concretions such as

those found at the base of termite mounds (Lee and Wood, 1971b).
Earthworms are known to cast calcareous	 faecal matter
which can subsequently form concretions in upper horizons.
These biologically influenced concretions (including those
influenced by roots) have had too little study to be able to

assess their importance clearly. Lee and Wood(1971a, b) have

made major contributions in understanding the effects of

termites on Australian soils but there is a lack of similar
work on ant and earthworm activity in Australian forest soils.

One interesting observation however, has been made on the

major litter disturbance in wet sclerophyll forests by lyre

birds. These birds rake up the forest floor to expose edible

soil fauna and in so-doing incorporate non-decomposed litter

into the mineral soil while indirectly exposing surface soil

to downhill movement (Ashton, 1976; J.L. Charley, pers. comm.).
Presumably	 forest megapods and mound builders (brush
turkeys, scrub fowl and cassowarys) and marsupial ground
dwelling insectivores (bandicoots etc.) would cause similar,

but as yet, unverified effects.

(d) Forest Pedogenetic Factors: IV. The Tree 

In reviewing the current literature several other

pedogenetic factors peculiar to the forest environment can be
added to those deemed significant by Wilde(1958). Although
the physical, chemical and morphological effects of tree roots



and tree litter have already been discussed, the actual

presence of the individual tree can cause other ecological

and pedological features. These are described below.

(1) The Tree: direct effects:

Weight of the tree:-

Retzer(1962) states..."the weight of green wood on an acre

must have an appreciable effect on the soil of that area

especially where slopes are steep". Retzer does not elab-

orate on these "appreciable effects" other than to mention

soil displacement and structure.

ii. Movement of the tree:-

mentioned also by Retzer(1962) who says that the swaying...

"must have an appreciable effect on loosening the soil and

creating an open structure both in surface and deeper horiz-

ons".

No support has been found for either of these state-

ments in the available literature although the latter feature

is related to windthrow disturbance.

(2) The Tree: indirect effects:

i. Retardation of colluvial

mass movement:- treed catchments are one of the main methods

used to alleviate erosion on steep slopes. Large trees can

actually "dam" colluvial material on the upslope side of the

bole.

ii. Lowering of water tables:-

the effect of extensive root systems and evapotranspiration

of trees can together lower water tables by increased demand.
This is important in explaining hydmmorphic features in

forest soils and especially the accumulation of salts in
deforested catchments (Ward, 1977; Batini and Selkirk, 1978)

such as in Western Australia.

Spatial distribution of

litter:- trees can influence litter patterns through differ-

ential concentration of litter components away from the bole;

that is, bark may have its highest concentration near the

17
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trunk whereas leaf litter may reach its peak at the edge of
the canopy (Zinke 1962). Linke produced data showing that
radially outward from a Pinus contorta trunk, surface soil

increased in pH and bulk density while total nitrogen,

exchangeable cations, and exchange capacity decreased (Ca and
Mg increased again beyond the canopy). Data from the other

forest species displayed considerable specific variation to

the above outlined trends for Pinus contorta but all showed

concentric patterning in surface soil properties outwards

from the tree bole. Zinke(1962) therefore postulated that

differential distribution of litter components radially from

tree boles results in concentric patterning which becomes
confounded by tree species, age, nature of bark, proximity of
other trees causing "interference patterns" and the environ-

mental effects of slope, prevailing wind etc. Zinke and

Crocker(1962) in a more intensive study on the giant sequoia

(Sequoia gigantea) considered both horizontal and vertical
variation in soil and forest floor properties outwards from

the trunk. These properties measured included the ones
mentioned in Zinke(1962) plus root content, particle size
distribution, moisture content, total carbon together with

the morphology and chemistry of the forest floor. For the

surface horizons, root content, total C and N, CEC, base
saturation and exchangeable calcium increased away from the
sequoia trunk with some properties reaching their maximum

values at 10ft ( 3m) from the bole. Only bulk density
increased in value towards the tree. The forest floor near
the tree was derived from bark litter of up to 3ft ( 1m)

thick and comprising of L, F and H layers. Beyond 5ft ( 1.5

m) from the trunk the H layer disappeared and the forest floor
becomes dominated by leaf and branch litter forming an L and
F layer which reached a maximum depth of about k"( 20cm).
The bark humus was fibrous, and more acid than the leaf mull

humus.

Smith(1973) studied N-mineralization patterns for soils

within a Eucalyptus saligna community in northern N.S.W. and

observed that concentrations of bark were spaced just away

from the bole (with the greatest distance being on the down-
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slope side) forming bark 'haloes". The soil NH 4-N standing

crop was found inversely related to bark concentration.
Spain(1973) found correlations between the amount of litter,
its chemical components and both tree size and the distance

to trunk for exotic pines indicating the complexities of the

patterning of forest litter distribution. Litter distribut-
ion can also be affected indirectly by the decay of tree

trunks and major limbs (B.N. Richards, pers. comm.). Figure
1.1 summarizes some of the above results.

iv. Interception of rainfall
by trees can exert a major influence on the hydrological
pathways in forested ecosystems. The uneven redistribution
of rainfall after it filters through the canopy can mean
differing water input and leaching potential for adjacent
soils on level terrain (see Figure 1.1). Rainfall passing

through the canopy gains solutes which can vary in composition

and consequently produce differing effects in the mineral
soil (these effects have partly been discussed in reference
to forest litter). Kittridge(1948), Glesinger(1962) and

Zinke(1967) have reviewed forest interception studies from a

hydrological viewpoint while other notable work has been done

by Voigt(1960) and Helvey and Patric(1965). Of significance

to processes of soil formation are the throughfall and stem-
flow components of net forest precipitation (see Zinke, 1967;
for definitions of terms used in forest hydrology). Figure
1.2 presents a flow diagram of the portioning of rainfall in
forests. Throughfall has already been considered in reference
to leachates of forest litter so only stemflow will be review-

ed below in detail.

(3) Stemflow:

This component of rainfall consists of water
reaching the soil by flow having been diverted down the

branches and the trunk of a tree (see Figure 1.1). It is
usually expressed as a percentage of the gross rainfall: where
stemflow volumes are converted to area depths (ins or mms)

by dividing by the area of the projected canopy of each tree
for which stemflow has been measured. For U.S. studies, stem-
flow can range from 0-30% of gross rainfall (Zinke, 1907) with
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common values between 1-5%. Available figures for, Australian
forests are generally within the same range (Smith, 1974)
with values from 20% to 42% being found in arid mulga wood-
lands (Slatyer, 1965; Pressland, 1973). The quantity of
stemflow can be dependent upon stand density, age structure,
tree size, physiognomy of the species, the individual and the
forest community, physiology of the species (especially its
bark) and position of the tree in the canopy (Kittredge, 1948;
Voigt, 1960; Leonard, 1961). Stemflow is therefore usually
a small but variable proportion of net forest precipitation
(Zinke, 1967).

While stemflow maybe of little importance hydrologic-
ally it can be of greater significance ecologically and pedo-
logically (Leonard, 1961; Reynolds and Henderson, 1967;
Jackson, 1974) because if it is considered as rainfall input
for a narrow concentric area at the base of the tree it can be

seen that this soil may receive many times the moisture input
received by soil beneath or beyond the canopy (Voigt, 1960;
Leonard, 1961) creating a wetter environment near the tree.
When this feature is combined with the relatively high concen-
trations of organic and inorganic solutes of stemflow which
also may pass through a thick forest floor at the base of the
tree (see Figure 1.2) then the significance of stemflow as a

pedogenetic factor becomes apparent. Mina(1967) studied stem-
flow influence on the acidity of Russian forest soils at the
trunk base of various tree species. The major conclusions
were:-

i. exchangeable and hydrolytic acidity, plus "oxalate-
extractable" aluminium and iron increased in the soil adjacent

to the bole depending upon the amount, composition and acidity
of stemflow leachates,

ii. "the influence of stemflow is localized about the
trunk and extends radially 30-50cm and to a depth of 1m",

such changes were permanent and probably irrevers-

ible and,

iv. stemflow from pine had the greater effect on
acidity compared with deciduous hardwoods studied.
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In contrast to Mina(1967), Bollen et al.(1968) study-
ing red alder (Alnus rubra) stemflow effects on soil in
western U.S.A. found that stemflow had higher concentrations
of nitrogen, total dissolved salts and slightly lower pH
than gross rainfall but the authors considered these propert-
ies of little ecological significance and found no significant
difference in surface soil or microbiological properties
radially outward from a 40 year old tree. Similar results
were found for the three adjacent Oregon forest types by
Tarrent et al.(1968).

Gersper and Holowaychuk(1970o, b) provided data on
the influence of stemflow from an American beech (Fagus 
grandifolia;a smooth barked species, 80cm dbh and an estimated
age of 300 years) on the morphological, physical and chemical
properties of the adjacent soil. The major results were:-

Features showing quantitative increase towards
the tree were; low chromes mottling of B horizon, horizonation
of the soil (especially the B horizon), thickness of the A2
horizon, silt content of the B2 horizon, clay content of the
A horizon, total C and N exchangeable acidity and K, CEC, and
free Fe203 (all the chemical properties being of the A horizon).

ii. Features showing quantitative decreases towards
the tree were3 bulk density of the Al horizon, silt content
of the A horizon, clay content of the B2 horizon; pH, exchange-
able Ca, Mg and base saturation of the whole soil, and
exchangeable	 CEC and free Fe203 of the B horizon.

These results caused Gersper and Holowaychuk(1970b)
to conclude that stemflow was part of what they called the
"biohydrologic" soil forming factor and it creates a wetter
environment resulting "in an intensification of the Podzol-
ization processes in soil nearest the stem". In a broader
scaled study, Gersper and Holowaychuk(1971), analysed the
effect of stemflow water from various tree species upon their
respective soils. The general trend of the results were similar
to those for the single American beech for the soil physio-
chemical properties but additional information showed that the
magnitude of these effects was directly related to quantity
of stemflow. This could be indirectly measured by relative



137concentration of radioactive fallout (eg. 	 Cs) next to and away
from the tree (stemflow would contain higher concentrations
of radioactive aerosols impacted upon the tree canopy than
throughfall, Franklin, Gersper and Hollowaychuk, 1967; Gersper
1970).

In New Zealand the effects of kauri (Mathis australis)
on adjacent soil are well documentated. Organic chelating
agents and polyphenols from bark and leaves have been leached
down by stemflow mobilizing iron and aluminium, translocating
organic matter and so producing "basket" podzols around the
base of the kauri stem (Swindale and Jackson, 1956; Bloomfield
1953b; Taylor and Cox, 1956). Campbell(1964),also in New
Zealand, has reported increases in pH, phosphate retention,
total iron and aluminium in the surface soils outward from the
boles of red beech (Nothofagus fusca). This author also
claimed changes in clay mineralogy due to the influence of the
"biohydrologic" factor of this tree species in soil weathering

processes.

Detailed studies such as Mina(1967) or Gersper and
Holowaychuk(1970a, b, 1971) have no counterpart in the Aust-
ralian literature. Murray and Mitchell(1962) studied the
nutrient status of surface soils under Eucalytus camaldulensis 

in Victorian pasture-lands and found higher pH, conductivity,
soluble Cl, organic matter, total N, available P, exchangeable
bases and CEC under the redgum canopy compared with the open
pasture. The authors attributed this to litter fall and
"canopy drip". A similar study was made of surface soils under
the canopy of E. populnea and other arid zone tree species in
western Queensland by Ebersohn and Lucas(1965). In this case
higher available P and exchangeable K were measured under the
canopy than in the open ground. No significant changes in pH
were discernible. Both of the above studies were concerned

with the establishment of improved pastures under tree canopies
and in both instances there is the possible influence of
camping animals under the trees contributing to the higher
nutrient status of the surface soils. No mention was made of
stemflow in these studies even though Siatyer(1965) and Pressland
(1973) have found higher than average values for arid woodland
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species. Curtis(1975) showed radial patterning in soil
phosphorus, organic matter, nitrogen and pH for three semi-
arid woodland species (Eucal yptus crebra Callitris columell-
aris and Casuarina luehmanni) from their trunks to the canopy
edge. Compared with the information available for semi-arid
woodlands there is little data on soil patterning of physical,
chemical or morphological properties associated with individual
trees of the coastal eucalypt forests.

Table 1.1 summarises the data presented in the litera-
ture concerned with radial patterning in soil properties around
individual trees.
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Table 1.1 - A Summary of data regarding the spatial
patterning of soil properties about individual trees
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(1)	 Zinke (1962), (2) Zinke and Crocker (1962),
(3) Mina (1967), (4) Gersper and Holcwaychuk (1970a,W,
(5)	 Campbell (1964), (6) Gersper and Holcwaychuk (1971)
(7)	 Ebersohn and Lucas (1965).

B.D., bulk density.
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1.3 CLASSIFICATION OF FOREST SOILS

Since the initiation of scientific study of soil

bodies in Russia, many soils found under forests have been

investigated and classified. But there have been few attempts

to classify forest soils as a separate group of soils related
by special pedogenetic factors such as those listed by Wilde

(1958) in the previous section.

(a) Major Soil Groups under Forest 

Many of the original, morphologically described soil
profiles of the early European workers were situated under

forest vegetation and in some cases specifically related to

forest composition. For example the generalization that
podzols were found under conifers and brown forestwils under
oak (Jenny, 1941; Robinson, 1949) was applied not only to
mainland Europe but also England and Northern America. In

the tropics, rainforest is often associated with deeply

weathered red soils termed "leached ferrallitic soils" or
"ferralsols " (FAO soil classification system) (Young, 1976).

When forest vegetation is removed major morphological
changes can occur within these soils. Soil Survey Staff(1975)
cite the example of a Belgium soil originally described as a

brown forest soil under deciduous hardwoods which upon clear-

ing and invasion of heather (Calluna vulgaris) developed an

illuvial organic B horizon. Present day agricultural practices
are slowly destroying the illuvial horizon and creating a
"plaggen epipedon". In the forested tropics, removal of
rainforest vegetation can rapidly deplete soil organic matter

reserves, decreasing fertility and in some cases irreversibly
hardening	 plinthite layers through changes of the soils
microclimate (Young, 1976; Buringh, 1970).

It therefore seems that forest vegetation, through
determining carbon cycles and soil biological activity, can
influence soil morphology and hence classification.

In Australia, soil survey, research in soil classif-
ication and pedology have evolved under, and so reflect a
disposition towards,agricultural problems (Taylor, 1970).
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Consequently the soils of the forested eastern coast have
attracted little attention unless they have been cleared and
utilized for agricultural production such as in the Lismore,
iCempsey and 1)orrigo regions (&icolls, Colwell and Tucker,

1953; e,.1 ; zer, 1963; and .LcArthur, 1964 respectively). On the
basis of overseas evidence presented above, the soils described

and classified in these areas under agricultural conditions may

not necessarily reflect the morphology of adjacent soils

remaining under forest or the original morphology of the soils
before clearing of the forest occurred. Leeper (1970) stated
that there is little knowledge of the biological effect of the

dominant eucalypt and acacia forest vegetation on their

respective soils when compared to that known for the soils
of the northern hemisphere forests.

The brown forest soil-brown earth soil groups are
important morphologies under northern hemisphere deciduous
forests of comparable ecological environments to that of the
east-coast of N.6.K. These soils have received little attention
in Australia. The features of the brown forest soils will be

reviewed in further detail below.

1) The morphology and classification of brown forest soils:

amann's original descriptions of "braunerde" soils

included a diffuse group of morphologies (Tavernier and smith,
1957) under deciduous forest in western Europe (Robinson,
1949). Murgoci (1909; cited by Tavernier and Smith, 1957)
introduced the term "brown forest soil" because he considered

braunerde soils were all associated with an trans-european

old oak forest sometime during their evolution.

The diffuse characteristics of the initially described

brown earths and brown forest soils has lead to the present

controversy which exists in the classification of these soils
in urope (Tavernier and Smith, 1957; Gerasimov, 1959;
NemeCe . ,:, 1972). Two main schools of thought exist: the first
group restricts the classification of brown forest soils to
soils with a thick, organic matter rich, mull A horizon and
a cambic, earthy '3 horizon of medium base status (Tavernier

and Smith, 1957), while the second group adopts a wider
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definition which covers dark coloured soils under forests and
permits low or high base status and gleyed or podzolized
morphologies in its component sub-groupings (Gerasimov, 1959;
N4meCek, 1972; Ragg et al. 1978).

The brown earth and brown forest soil great soil groups
were first introduced in Australian classifications by Stephens
(1950). Whereas the brown earths were loosely defined therein,
brown forest soils were described as shallow calcimorphic soils
thus following the U.S. classification (Baldwin et al., 1938).
Hallsworth and Costin(1950) criticized Stephens for using the
term brown earth, "for profiles differing from those originally

described in Europe." Their classification relegated brown
forest soils as one of the four subgroups of brown earths
together with brown limestone soils, colluvial brown earths

and brown meadow soils. The brown forest soils were considered
as a synonymous term for brown earths in Stace et al.(1968) thus
giving a widely divergent range of properties for the brown
earth great soil group. Further confusion of terminology occ-

urred from the two profiles described in Stace et al.(1968)
as examples of brown earths. They vary greatly in morphology
but each was originally classified as a brown forest soil. The
Profile A (UNE 6) has an organic matter rich A horizon, a

biologically mixed B horizon and is developed under wet scler-

ophyl forest while Profile B is the shallow,calcimorphic brown
forest soil classified by Stephens(1950, 1953).

Tavernier and Smith(1957), in their review of the

brown forest soil-brown earth soils groups concluded that,

"there has been confusion about Braunerde and Brown Forest
soils. The ideas about both their genesis and their morphology

have been at sharp variance." The above authors considered
that this confusion could be rectified by a reclassification
of these soils on morphological properties, and avoidance of
the brown forest soil and brown earth terminology because of

the many connotations of these names.

So for the Australian situation, not only is there a
lack of knowledge of the native forest soil morphology but

there is the possibility that when they have been studied,
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confusion has occurred over their classification using the
Great Soil Groups of Australia (Stace et al., 1968) especially
if the forest soils had "brown forest soil" morphologies

similar to those in comparable forest ecosystems overseas.

(b) Separate Classification of Forest Soils 

(1) Europe and Russia:

The recognition that forest productivity
was dependent on certain soil properties together with other

environmental parameters allowed the formation of applied

classifications of forested lands in which timber productivity
could be related to measureable features of the environment
including soil criteria. Forest site capacity classifications

using soil properties have been utilized by many workers in

Europe such as Tamm (1950) for the northern coniferous forests
of Scandinavia.

In more recent years there have been attempts to

established forestwil classification systems directed specif-

ically to forest-land managers. Zonn(1962) proposed such a

classification based on zonal vegetation groupings at the

highest level and their subsequent subdivision on the dominant

composition of the soil humus and its interacting inorganic
ions. An example of one of Zonn's classifications would be:
"Forest steppe group -Fulvate-Humate H-Ca type". Tomaszewski

(1968) has also developed a system of forest soil classific-
ation using, firstly , hydrological and groundwater conditions

and secondly, topography and degree of wetness in the profile.

Neither of these proposed schemes have gained acceptance out-
side their country of origin.

(2) U.S.A.:

The development of soil survey and classification

under the stimulus provided by agricultural development was
more obvious in the U.S.A. than in Europe. This lead Lutz
and Chandler(1946) to comment:-

"In view of the fundamental
differences between agricultural and silvicultural
techniques and the differences in morphology and
physiology of agricultural crop plants and forest
trees, a single system of soil classification
appears inadequate". (p.426)
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But Lutz and Chandler also realised that there would

be major problems in developing an independent system for

forest soils because:

"Soil characteristics which are useful
in the differentiation of agricultural soils may be
of little or no significance from the standpoint of
forest production". (p.426)

Forest soils in the U.S. have been classified according

to:

i. Their capacity to produce timber stands based on

correlation of site quality with single classified soil types,

associated soil types or individual or combined soil properties.

Examples of these capability classifications are Richards,

Morrow and Stone(1962) and Steinbrenner(1963). Rennie(1962)
reviewed forest site capacity assessment methods.

ii. Morphogenetic properties of the soil profile

("scientific or natural" soil classification, Buol,Hole and McCr-

aken(1973)This latter grouping has few noted examples other than

Wilde and Schotz(1934) who recognised five morpbogenetic soil

types in an experimental forest, Michigan, and Wilde(1940) who

formulated a three group categorisation for gleyed forest
soils depending upon soil depth to hydromorphic features.

iii. Numerical classification techniques by Grigal

and Arneman(1969) who used forest soils to compare classif-

ication by the 7th Approximation (Soil Survey Staff, 1960) to
that derived by their numerical technique. No comments were

made by these authors on significant classificatory criteria

for the forest soils and the main conclusion was that the two
classifications differed because of the weighting of "diag-
nostic horizons" in the 7th Approximation.

(3) Australia:

Little attention has been paid to the features
and classification of Australia's forest soils. As a
consequence, qualitative, semi-ecological terms such as
"Blackbutt soils" of the early land surveyors and bushmen
(Jensen, 1914) are still frequently preferred by workers in
forestry and forest ecology.
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Forestry workers in Australia have developed forest

site capacity classifications based on the models used in

Europe and U.S.A.(Havel, 	 1975a, b, 1976; Pegg 1967).

Tracey(1969) and Webb(1969) have used numerical
classification techniques in an attempt to differentiate some

forest types on the basis of soil physical and chemical data.

No classifications based on soil morphological proper-

ties have been attempted for Australian forest soils.

(c) Conclusions 

Many soil properties which are strongly influenced by
soil forming processes under forest communities are not given

adequate weighting in many classification schemes. While
development from first principles of a separate "natural"
classification system for forest soils might be considered, a

more feasible alternative is to recognise and incorporate

particular soil properties (physical, chemical and morpholog-
ical) that are of special importance to forest soils into a
universal classification, so that an objective evaluation of
inferred modes and processes of formation can be made that has

relevance to forest as well as agricultural systems. It

follows that the properties, characteristic of soils under

forests and having strong predictive relationships to process-
es of formation, need appropriate classificatory status in the

present "natural" and morphogenetic classification systems if
this relevance is to be established for the Australian
environment.
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CHAPTER TWO: DESCRIPTION OF THE STUDY AREA AND THE METHODS 
OF INVESTIGATION 

(a) Introduction 

The State Forests of the Coffs Harbour region were
chosen as the initial study area. These forests are of major
silvicultural importance because of the high productivity of

the local eucalypt species; blackbutt (Eucalyptus pilularis)

and flooded gum (E. grandis). Management practices of these

forests vary from selective logging to clear-felling. The

recent development of commercially owned eucalypt plantations
for the paper pulp industry and the proposals for a regional
woodchipping industry have intensified management practices

and has placed greater demands on the forest resources. Unfor-
tunately the knowledge of forest-soil relationships in this

area is rudimentary making decisions on the environmental

impact of silvicultural practices difficult to assess a priori.

The interrelationships between the two main productive eucalypt

species; blackbutt and flooded gum, and their associated forest
soils are investigated below.

2.1 DESCRIPTION OF THE STUDY AREA

(a) Location 

Coffs Harbour is situated on the northeastern coast of
N.S.W. (lat. 30° 19'S, long. 153° 7 1 E), directly east of

Armidale and 592km by road from Sydney. The area under general

review herein is arbitrarily bounded to the south by a line

west from the city of Coffs Harbour, the Orara River to the

west and a line west from Woolgoolga to the north (see map in
Figure 2.1). This area has been designated the Coffs Harbour
"region" for the purposes of this study and its physiography,
geology, vegetation soils and climate will be discussed below.

(b) Iaumatta_aeft_atmlukalaz
The high degree of ecological diversity of this section

of northern N.S.W. can •be attributed to the closeness of the

New England Tableland to the coast. This feature increases

annual rainfall, degree of relief, the range of topography and
the variety of forest communities of the region in comparison
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with adjacent sections of the north coast. The Dorrigo

Plateau extends as a spur of rugged hills from the New England

Tableland almost to the coast at Coffs Harbour and forms the

watershed between the Bellinger and Clarence River basins.

Mt. Coramba and other hills to the north create a narrow

coastal range separating the southern part of the Clarence
River basin, specifically the Orara River, from the coast north

of Woolgoolga, thereby diverting flow inland to the northwest.
The depositional coastal plain has built up between inliers of

older rock with the coastline consisting of a series of long
zeta-curve beaches between rocky headlands. Langford-Smith

and Hails(1966) and Swan(1975) presented evidence from the
Coffs Harbour region that sea levels in the early Pleistocene
were 43-38m above the present day mean sea level. These past
levels would submerge all of the present coastal headlands in
the region. The geography and physiography of the Coffs Harbour

region has not been fully recorded, Voisey(1934b) having

described the "middle north coast" (Port Macquarie to Woolgool-

ga) but concentrating on the Kempsey district and Warner(1968)

studying the physiography of the Bellinger River terraces.

(c) Geology 

The geology of the Coffs Harbour region has been

studied by Voisey(1934a	 ), Leitch et al.(1971), Korsch(1971,
1973, 1978) and Leitch(1973). The study area spans several
related lithologies comprising the Coffs Harbour Block (Leitch

1973). These are thick paleozoic sediments which have been
divided into three subgroups of decreasing age viz, the Moombil,
Brooklana and Coramba Beds. Leitch(1973) classified these

subgroups by the dominance of massive argillites and degree of
interstratification of sandstone and siltstones. Korsch(1978)

considers the Coffs Harbour Block as a single sedimentary
petrographic province consisting of a uniform group of coarse
greywackes, laminated siltstones and mudstone and massive
argillites.

The lithology of the Coffs Harbour study region is

completely that of the Coramba Beds; the youngest subgroup

(possibly Carboniferous in age) of the Coffs Harbour Block.



Figure 2.2: Geology of the Coffs Harbour Region: the
Coramba Beds (units A, B, C and D) and the
Brooklana Beds of the Coffs Harbour Block,
the Clarence-Mozeton Basin to the north and
recent alluvial deposits (stippled area).
Redrawn from Korsch(1978).
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Korsch(1978) has made an intensive study of these rocks and

describes them as:

"a sequence of greywackes, mudstones and
siliceous rocks with very rare acid to basic volcanics
and orthoconglomerates".

Korsch further subdivided the

Coramba Beds into four "lithostratigraphic units" on the

relative abundance of clgstic hornblende, volcanic lithic

fragments and feldspar (see Figure 2.2).

Leitch(1973) and Korsch(1978) ascribe a volcanic origin

to the sediments of the Coffs Harbour Block probably of andes-

itic or dacitic composition. The Coramba Beds are generally

coarser than the older Moombil and Brooklana indicating a

changing environment in the later stages of deposition. The

Coffs Harbour Block has undergone only a single episode of

folding. This has produced plunging folds dipping steeply to

the south with some low grade metamorphism.

(d) Climate 

The climate pattern for the Coffs Harbour region is

slightly atypical of most of the east coast of Australia. The

Dorrigo Plateau forms a barrier to the maritime air masses and

therefore receives large annual rainfalls. This causes the

1500mm isohyet to move inland from the coast to encircle the

plateau (Dorrigo itself has a MAR of 2027mm). Coffs Harbour

therefore receives a higher rainfall than adjacent regions to

the north or the south. The annual rainfall pattern for the

district has a late summer maximum and a late winter minimum.

Temperatures for Coffs Harbour range from a February

average monthly maximum of 26.6°C and minimum of 19.2°C to a

July average monthly maximum of 18.5°C and minimum of 6.6°C.

Temperature, rainfall and potential evaporation data are

presented in Table 2.1 and Figure 2.3 for Coffs Harbour,

Woolgoolga, Coramba and Lower Bucca meterological stations.

Direction of the prevailing winds is variable. West-

erlies are dry in summer and cold in winter, while southerlies

bring cold fronts and moist weather. Diurnal onshore-offshore

wind pattern is common on the coast with occasional cyclones
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Table 2.1: Climatic data* for the Coffs Harbour Region.

Jan Feb	 Mar	 Apr	 May	 June July Aug	 Sept Oct Nov Dec Year

Coffs Harbour	 Lat.30°19'S	 Long.153°7'E 2.7m Elev.

MMR	 215 251	 250	 191	 134	 126 65	 105	 68 105 100 149 1759
MMT	 22.8 22.9 21.7	 19.5	 15.0 14.0 12.6 13.8	 16.0 18.6 20.3 21.8
**PE	 100.8 102.1 92.1	 75.1	 51.1	 39.8 32.3 38.5 51.4 68.2 81.1 92.9

Woolgoolga Lat.30°7'S	 Long.153°11 1 E 30.5m Elev.
MMR	 217 212	 246	 235	 125	 149 75	 118	 56 91 100 145 1768
MMT	 22.8 22.9	 21.9 20.7	 17.4 15.4 14.1	 14.8	 17.3 18.9 20.6 21.3
**PE	 98.5 99.8	 91.3 81.6 57.7 45.3 37.7 41.5 56.7 68.1 80.8 86.4

Coramba	 Lat.30°12'S Long.153°0'E
MMR	 220 195	 263	 138	 95	 156 75	 90	 51 98 117 137 1635

Lower Bucca Lat.30°9's	 Long.153°5'E 122m Elev.

MMR	 168 191	 213 	 155	 124	 124 85	 52	 58 90 103 133 1495

MMR: mean monthly rainfall

MMT: mean monthly temperature

PE: potential evaporation (Thornthwaite)

*All data except for Potential Evaporation were adapted from;-
1) Climatic Averages of Australia - Metric Edition(1975)

Department of Science and Consumer Affairs, Bureau of
Meteorology, AGPS Canberra.

2) Rainfall Statistics; Australia - Metric Edition(1977)
Department of Science, Bureau of Meteorology, AGPS
Canberra.

**Calculated using Ihornthwalte's Equation for Potential Evaporation.
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venturing far enough south in late summer to cause torrential
rain and floods.

(e) Vegetation 

The forest communities have been one of the most intensively
investigated natural features of the Coffs Harbour environment.
Commercial timber production has stimulated research on local
forest ecology, principally by the N.S.W. Forestry Commission
and in particular workers such as Baur(1959, 1962), Floyd(1960,
1962, 1976) and Burgess(1975).

Baur(1962) describes the forest vegetation in north-
eastern N.S.W., classifying communities into "forest types";
a working unit for the N.S.W. Forestry Commission. Baur's
"relationship chart" between the various forest types and
certain environmental parameters is reproduced in Appendix I.

Florence(1963, 1964, 1968) has written extensively on
the autecology of blackbutt (Eucalyptus pilularis), Floyd
(1960, 1962) has investigated the regeneration of blackbutt
and flooded gum (EL, grandis) and more recently the ecology and
taxonomy of local rainforest communities (Floyd, 1976). Burgess
(1975) has reported on provenance trials of blackbutt and a
closely related species, Eucalyptus pyrocarpa (large fruited
bladkbutt).

An idea of the general vegetation pattern of the Coffs
Harbour Region can be gained from Plate 2.1 showing the forest
type map of Lower Bucca and Orara East State Forests (north of
Coffs Harbour) compiled by the N.S.W. Forestry Commission.

Available information on the ecology of blackbutt and

flooded gum in this region will be discussed in detail below.

(f) The Autecology of Blackbutt: Eucaly p tus pilularis 

Baur(1962) gives this species the title of,"The most
important timber tree in N.S.W." Blackbutt is a fast growing
species with some individual trees attaining a height of over

60m (Baur, 1962). The physical appearance of blackbutt is
characteristically that of a tall tree with rough sub-fibrous

bark (often blackened from fires) extending from the base of

4o



Plate 2.1: The forest type map of Lower Bucca and Orara East
State Forests, north of Coffs Harbour (Cat.No.SF986;
SHT.394). The light green colours represent dry
sclerophyll forest communities of the upper slopes
and ridges characterized by the species; Eucalyptus 
pilularis, E. microcorys, E. saligna, E. acmenioides 
and Syncarpia glomulifera, while the mauve and bluer
shades represent wet sclerophyll forest of the lower
slopes and wetter gullies with such species as; E.
grandis, E. saligna, Tristania conferta, Syncarpia 
alomulifera and E. propinqua4 The pink colouring
represents rainforest and the dark green eucalypt
plantation.
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the trunk to the upper portion of the bole but from there the
bole and branches are generally smooth. These features are
similar to those of the ashes and stringbarks with which black-
butt is grouped in the sub-genus Monocalyptus (Pryor and John-

son, 1975).

(1) Reproductive physiology:

Blackbutt flowers during September
to November with seedfall being delayed till a period of dry
weather of at least two weeks occurs, summer or winter. Effect-
ive germination occurs at the beginning and end of summer with
only white mahogany (Eucalyptus acmenioides) seedlings having
faster juvenile growth rates in blackbutt habitats. Blackbutt
is a non-lignotuberous species (Floyd, 1962).

(2) Habitat relationships:

Florence(1963) used the quantitative
measure of "ecological importance" to derive the "optimal"
habitat of blackbutt (actually these are the sites where black-
butt has the combined maximum basal area, numerical density and
frequency of occurrence, but whether this is then its optimal
habitat is still questionable) which was found to occur where

Eucalyptus microcorys (tallow-wood) co-dominates with a dense
ground vegetation of Pteridophytes (bracken) and blady grass
(Imperata cylindrica). Florence(1963) considered this
relationship remarkably stable over a number of sites in N.S.W.

On an increasing xeromorphic gradient, species such as blood-
wood (Eucalyptus gummifera), red mahogany (E.= resinifera)„ white

mahogany (E. umbra) and Angophora costata become predominant,
gaining "importance" whereas with increasing moisture, flooded
gum (Eucalyptus grandis), brush box (Syncarpia glomulifera),
Sydney blue gum (Est. pal-1.ms) and finally the rainforest meso-
phylls become dominant.

(3) Edaphic interactions:

A common past tendency in N.S.W. has

been to correlate blackbutt (and other forest species) to
certain "lithological" soil types. Jensen(1914) for instance

described blackbutt as, "a typical sandstone timber" with a
preference for, "yellow sandy loams and sandy soils, with a
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ferruginous, clayey, yet friable, subsoil...with good sub-
drainage". Baur(1962) says blackbutt is found on "siliceous
soils" and "apparently never occurs in basaltic soils". The
theory that the native flora could be used as a guide to soil
fertility and consequently to particular geological formations
(Jensen, 1914) has also gained endorsement from Florence(1964)
who states:-

"it is apparent that in many areas the distribut-
ion of blackbutt is primarily related to the mineralogy
of the parent material... in many areas blackbutt is
associated with a rock high in quartz content and absent
from fine grained rocks low in quartz, and with high
percentages of such minerals as chlorite, mica and
magnetite."
Florence(1964) found this generalization inadequate to

explain the delineation of blackbutt and white mahogany
communities on the same parent material. In such situations
these interbreeding species were ecologically separated on the
physical characteristics of the soil:-

"...the distribution
of blackbutt is limited by any physical properties of
the soil profile which restrict aeration, moisture
permeability or penetration of roots to depth, such
soil properties varying with the mineralogy of the
parent material, its geological history and landscape
pattern". (Florence, 1964)

The inhibition of blackbutt seedlings growing in undis-
turbed blackbutt soils led Florence and Crocker(1962) to
propose (without establishing the actual agent),

"that
development of a blackbutt forest might depend on
a considerable degree of fluctuation in the micro-
biological environment".

The suspected effect of the microbial environment was

pursued in Florence(1964) where the author proposed the
following environmental limitations to seeding establishment:-

Decreasing fluctuations in soil moisture status

(due to soil physical features) would provide a more stable
microbial environment, deleterious to blackbutt establishment.

ii. Increasing soil fertility would affect blackbutt
seedlings by causing increased competition from the more
nutrient-demanding species.
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Figure 2.4 below (from Florence, 1968) summarizes the
author's theories on the relationship between soil propetties

and forest communities of the north coast of N.S.W.

LOW <	
	

Gradient in soil fertility
	 	"—HIGH

Figure 2.4: The edaphic relationships of blackbutt in
northern N.S.W. (adapted from Florence, 1968).

The work of Baur (1962), Floyd (1962) and Florence (1963,

1964, 1968) on blackbutt make it one of the most closely studied

forest tree species in N.S.W. yet any conclusions that can be

made on the relationships of blackbutt and the forest soils

of the Coffs Harbour region are generalized and incompletely

understood. Florence (1968) interpreted the vegetation pattern
at Pine Creek State Forest (just south of the study region on

similar parent material and having a similar vegetation pattern

to that shown in Plate 2.1) in the following terms:- 
n 1) The

underlying schist parent material is impermeable
and tilted, so that soil moisture movement is down-
slope rather than to depth, and colluvial material
is fine structured and silty. It is only on narrow
sections of the upper slope that soil depth, structure
and aeration permit unimpeded rooting to depth. In
this environment blackbutt alone is able to completely
utilize the site capacity, and hence exclude other
tree species and even understorey shrubs.
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2) Soil
aeration becomes poorer away from the immediate
upper slope environs. Under these conditions
individual blackbutts compete more strongly with
each other, possibly through greater spread of
roots or develop in small groups in localized niches
with better soil conditions. In consequence the
blackbutt dominants that form are unable to completely
utilize the site capacity, and other tree and under-
storey species develop to complete full occupancy.

3) On the
lower slope the soil environment is particularly
limiting for blackbutt and this species is eliminated
in competition with other species."

(g) The Autecology of Flooded Gum: Eucalyptus grandis 

Compared with blackbutt, the information available on
flooded gum is meagre.

Baur(1962) describes this species as:

"...one of the
fastest growing and tallest trees in northeastern
N.S.W., where it not infrequently exceeds 200ft. in
height in the more sheltered gullies. It occurs in
the alluvial gullies of the coastal lowlands, where
with time it tends to be replaced by rainforest.
Although typically a coastal tree, it ascends to an
altitude of over 2000ft. on the eastern Dorrigo
Plateau."

Anderson(1968) uses the common name of "Rose Gum" for
Ez grandis which probably derives from the fact that flooded
gum is one of the red-wood gums of the sub-genus Symphyomyrtus

(Pryor and Johnson, 1975). Anderson(1968) also points out that
flooded gum closely resembles its relative, Sydney blue gum
(Eucalyptus saligna) both having slender, pale, smooth-barked

boles with a "stocking" of bark at the base of the tree.
Floyd(1960) lists the distinguishing differences between the
two species.

(1) Reproductive physiology:

Brown and Hall(1968) record that

flooded gum is similar to blackbutt in time of seed maturation
dispersal, etc., except that seed viability for flooded gum is
much greater. Flooded gum is also a non-lignotuberous eucalypt
and would seem to rely heavily on wild fire for mass regener-

ation.
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(2) Habitat relationships:

Flooded gum occurs with brush box
(Tristania conferta) and an understory of sub-tropical rain-
forest species. Typically it occupies the rich alluvial soils
of the moister gullies (Floyd, 1960) but it is unclear what
environmental factors ecologically separate flooded gum from
its close relative, Sydney blue gum, which occupies similar
habitats.

(3) Edaphic interactions:

Other than the standard information that flooded gum
occupies, "rich alluvial soils of moister gullies" the only
other information on the forest soils of flooded gum comes
from Baur(1959). For flooded gum nursery trials Baur found
that rainforest soil decreased the survival rate in comparison
to soil taken from under a flooded gum stand. Even small
additions of the latter soil would increase survival rates.
Baur(1959) explained this data by assuming one of two factors
could be operating:-

i. a mycorrhiza-type organism, plentiful in the gum
soil but scarce in the rainforest soil, or

ii. a fertility factor, (a toxicity or deficiency)
high in the rainforest soil but lower in the gum soil.

A third possible factor which Baur(1959) did not
consider might be an inhibitory substance to flooded gum present
in the rainforest soil. For example, Crow et al. (1971) found
that flooded gum leaves contain a chemical compound capable of
inhibiting its own roots. As with blackbutt, soil microbial-
tree interactions for flooded gum are incompletely understood.

(4) Other factors:

i. Flooded gum is particularly susceptible

to attack by Christmas Beetle (Anolosnathus app.) and these
insects apparently move from ridge to ridge when in plague
proportions. A.G. Floyd (pers. comm.) proposes that this is

one reason why flooded gum is not found on ridges (for flooded
gum can easily be established artifically on ridges although
it is difficult to establish blackbutt in gullies).
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ii. Flooded gum is also very sensitive to frequent

fire. Pryor(1976) makes the statement that both Es pilularis 
and Et. grandis, "are rather less resistant tollre in the adult
stage than the great majority of eucalypts", but Pryor goes

on to say that heavy seedfall after a fire is a compensatory
condition, especially when other floral competition has been

eliminated:-

"It is general in those species [blackbutt and
flooded gum] for a 'wheat field' regeneration of
20,000 or more small seedlings per ha. often to
follow intense fire" (Pryor, 1976; p.68).
The high proportion of viable seeds, the seedlings

need for open canopy and a low level of floral competition,

would indicate that fire or any other major environmental
disturbance are important factors in the regeneration and
present day distribution of flooded gum.

(h) The Soil Resource 
(1) A review of past soil investigations and surveys:

The

soil association map of the Dorrigo region (McArthur, 1964)
includes the descriptions of red and yellow podzolic soils
under native forest and on similar parent materials (the
Brooklana and Coramba Beds of the Coffs Harbour Block) to
those of the Coffs Harbour region. Some 40,000ha. of the
red-yellow podzolics were mapped as the Gangara association
and these included soils with differences of colour, structure,

and depth of profile which could be further divided into at
least four mapping units.

The Atlas of Australian Soils (Northcote, 1966)
delineates three major mapping units in the Coffs Harbour

region (see Figure 2.5). These are:-

Pb16: Steeply undulating terrain with terrace formations
along major stream valleys. Hard-setting, acid,

loamy soils with red clayey subsoils and pale A2
horizons (Dr2.21: * friable red duplex soils; red

podzolic great soil group) predominate on the hill
slopes and crests. On lower slopes hard-setting
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Figure 2.5: The mapping units of the Atlas of Australian
Soils for the Coffs Harbour region. Adapted
from Northcote(1966). Sheet 3. The main soil
types are underlined.



 

acidic yellow mottled soils (Dy3.21 and Dy3.41: *

hard pedal mottled yellow duplex soils; yellow
podzolics and soloths or yellow podzolics great

soil groups respectively). Terrace soils are

variable.
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Pb17:

Psi:

Hilly areas with flatter water-logged basins. Soils
are similar to the above unit except for the wet
flats having soils such as Gn3.94 (*grey smooth-ped
earths; humic gley great soil group).

Hilly terrain with the predominant soils being
friable, acidic, loamy soils with red clayey sub-
soils and pale A2 horizons (Dr4.21: *friable red

duplex soils, red podzolic great soil group). The

associated soils include various yellow and red
massive and structured earths with pale A2 horizons

(Gn2.24, 4.14 and 3.14; *yellow earth,krasnozem and

red podzolic great soil groups respectively). 

In contrast to these broad scale generalizations on

soil pattern McGarity (in Stace et al., 1968; profile UNE6,
p.240) has described in detail a profile situated in Pine Creek
State Forest (south of study region) under a wet sclerophyll
flooded gum community. The morphological and micromorpholog-
ical descriptions and the physio-chemical profile data for
profile UNE6 are reproduced in Appendix	 Stace et al.
(1968) classified this profile as a Brown Earth with a North-
cote Key designation of Gn3.71 (*yellow smooth-ped earth,

no A2, with an acid reaction trend; xanthozem great soil group).
McGarity (pers. comm.) initially classified the profile as a

brown forest soil because of its thick organic A horizon,
strong acidity and evidence of earthworm activity.

2.2 METHODS OF INVESTIGATION

(a) Field Procedures 

(1) Selection of study sites:

Forest vegetation may influence

* Soil class names and comparative great soil group
classifications, after Northcote et al.(1975).
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soil morphology and classification at the regional level but
within a forest community the individual tree can induce major
soil variability through soil disturbance and spatial pattern-
ing of soil properties. The study sites were selected to, i)
magnify differences between soils near the eucalypts to those
away, and ii) provide a guide to the full range of soil variat-
ion associated with individual blackbutt and flooded gum trees.
For these above reasons, large single trees of both species
were sought throughout the State Forests in the vicinity of
Coffs Harbour. Consultation with officers of the N.S.W.
Forestry Commission and reference to their "forest type"
management maps (see Plate 2.1) of the local State Forests
allowed the selection of two sites north of Coffs Harbour.

The flooded gum site was situated on a small flat
adjacent to Bucca Creek, north of Bruxner Park Flora Reserve,
11km north-west of Coffs Harbour while the blackbutt site was
a further 4.5km to the north on the southern side of McNamaras
Road (see map in Figure 2.6). Both these sites have large
trees and were accessible to earthmoving equipment but with
well developed understorey vegetation showing little recent
disturbance. Description of the two sites and the excavation
of the soil pits are detailed below.

(2) Bruxner Park site:

This site was within Orara East State

Forest adjacent to Bucca Creek. The forest community was
dominated by flooded gum and brush box (Tristania conferta)

with a mesic understorey of such species as Acmena smithii,
Callicoma serratifolia, Polyosoma cunninghamii, Sloanea

australis, Glochidion sp., Eupomatia bennettii, Halfordia
kendack, Polyscias elegans and Diploglottis australis. Baur

(1962) classifies this community as, "Forest Type 15: E.
grandis (Flooded Gum)". The site was approximately 120m

a.s.l., with a 7% slope and a northerly aspect. It was assumed
that greywacke (Unit A of the Coramba Beds) formed the parent

material not only for the actual site but also of the colluvium
and probably the alluvial material. A dark greywacke with
common quartz veins occurred upslope from the site and in

cuttings along the Bruxner Park-Coffs Harbour road. Alluvial
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, map
Figure 2. 6 : A section of the 1:25,000/showing the topography

of the Study Sites. BP, the Bruxner Park site
and MR, the McNamaras Road siteo
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Figure 2.7: Plan and diagram of the Bruxner Park site (BP).
Litter transects are indicated as dashed lines.
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gravel was mostly quartz or an iron-rich quartzite (meta-
greywacke).

The selected flooded gum (shown in Plate 2.2a) was a
large tree of 210cm dbh, 52m high and estimated to be over 300
years old. Four soil pits were excavated radially out from
the tree along each cardinal point (see Figure 2.7). Two of
these pits, A and C were dug to the base of the trunk on
opposite sides and parallel to the contour. Pits B and D do
not extend to the trunk because of obstruction by roots. Pit
A has three profiles, one at the base of the tree (3A), another
in a windtbrow pit	 (2A) and the third near the base of an
old stump (1A). This pit was selected to compare the differ-
ing degrees of soil variability imposed by a living tree, a
dead stump and a wind thrown tree. A more simple situatio.n
occurs with Pit C where profile 1C was positioned at the base
of the tree with profile 2C three metres away at the edge of
the canopy. Pits B and D have one profile each, 1B was situa-
ted away from the bole but within the canopy whereas profile
10 was beyond the canopy towards the creek. Profiles 2C, 1B
and 10 were considered "community soils" that is, they were
beyond the influence of the tree bole yet still within the
projected canopy of the flooded gum or any of the other
adjacent trees. In comparison, profiles 3A and 1C are directly
below the base of the flooded gum bole, between major root
buttresses. Profile 2A was once either at the base or directly
below the windthrown tree which, due to its partly decayed
state, was estimated to have been uprooted at least 50 years
ago. Before being uprooted the dbh of the tree would have
been approximately 100cm	 and either a flooded gum or brush
box. At the furthest end of Pit A, profile 1A is positioned
at the base of one of the buttress roots of an old stump (again
either flooded gum or brush box) partly decayed to a state
where the original dbh could only be estimated to have been
greater than 80cm.

(3) McNamaras Road site:

Two large blackbutt trees were studied
at this site to compensate for the difficulty of excavating
more than two pits per tree.
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) The flooded
gum, Eucalyptus 
grandis, at
the Bruxner
Park site

(b) One of the black-
butts (BB1),
Eucalyptus pilul-
aris, at the
McNamaras Road site

Plate 2.2: The selected
individual eucalypts
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McNamaras Road follows an east-west orientated ridge

line with blackbutt predominant in the adjacent forest

communities. As altitude increases the more xeromorphic
becomes the understorey species and the more the co-dominants

change to those of drier habitats. The study site was located
1km along the southern side of McNamaras Road near the margin
of the Lower Bucca State Forest. The climate was drier than
that of the Bruxner Park site, more comparable to the data for
Lower Bucca (Table 2.1). This was due to the site's topography
and its location within the rainshadow of the coastal range.

The parent material was a very fine grained, argillar-

ceous mudstone showing signs of low grade metamorphism (R.

Fagan, Geology Department, U.N.E.). Some dosts of quartz and

plagioclase were present. The mudstone beds dip to the south
at 75-80° with jointing planes giving a prismatic appearance
to the rocks. Korsch(1978) describes these rocks as part of
the Coramba Beds, Unit B (Figure 2.2)*

The first of the large Blackbutts situated along

McNamaras Road (BB1) is on the concave upper slope of the ridge

line with a northerly aspect while the second (BB2) was 150m

further along the road, slightly higher in elevation and on the
level ridge crest. The forest vegetation other than blackbutt
consists of red mahogany (Eucalyptus resinifera), tallowwood
(E. microcorys) and the occasional grey gum (E. propinoua) and
Angophora costata. Casuarina torulosa forms a second stratum
with ground vegetation occurring below openings in the canopies.
The site underwent a "controlled burn" in the early spring of
1977 but this only affected blackbutt BB1 where the litter was
reduced in patches.

BB1 is shown in Plate 2.2b and was the larger of the
two blackbutts with a dbh of 181cm, height of 48m and estimated

age of over 200 years. One pit, Pit G, 4m in length was

excavated on the southern side of the base of the bole from
between the root buttresses.to the edge of the projected
canopy (Plate 2.2b). Three profiles were described for Pit G;
IG at the base of the bole, 3G 1.5m away from the bole and 2G
at the far end of the pit.
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Figure 2.8: Plan of the excavations at the two blackbutts
BB1 and BB2, McNamaras Road site. Litter
transects are shown as dotted lines.
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The second tree, BB2, had a dbh of 133cm, 45m tall and

an estimated age of 100-300 years. Two pits E and F were dug;

Pit E of 3.4 metres length from the base of the tree outward
in a south-westerly direction while Pit F was 5.5m in length
from the base of the tree in a northerly direction (Figure 2.8).
As with Pit G the length and direction of these pits was
regulated by the positioning of root buttresses, the spatial
distribution of the roots and the shallowness of the parent
material.

Soil profiles IE and 1F were situated at the base of

the blackbutt BB2 while 2E and 2F were positioned at the far
end of the respective pits.

The excavation of the soil pits at both the blackbutt
and flooded gum sites was carried out by a backhoe. Profiles
3A, IF and IG were partly excavated by hand because of the
numerous large roots close to the tree trunks.

(b) Description and Sampling of Soil Profiles 

(1) Description of the soil profiles:

Soil profiles were

described from the pits using the criteria and terminology of

the USDA Soil Survey Manual (with Supplement), Soil Survey
Staff (1951) and the USDA-SCS Soil Taxonomy (Appendix I and II),

Soil Survey Staff (1975) with additional criteria and termin-
ology of Northcote (1974).

(2) Sampling procedures:

Soil sampling of the profiles utilized
two methods;-

i. Bulk samples of about 1kg were taken from
each designated genetic horizon of each soil profile. If any

horizon in the upper 30cm of a profile was >20cm in thickness

then the sample was arbitrarily split, usually into 10cm layers.

Below a soil depth of 30cm any genetic horizon of thickness

>60cm was the sample was also arbitrarily split, usually into

30cm layers.
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ii. Duplicate, intact soil clods were sampled for each
horizon where bulk samples were taken. These clods were
wrapped in "saran" film for transport back to the laboratory.

(c) Spatial Patterning in Soil Pit Sections 

Three procedures were used in determining the spatial
variability of soil properties of the pit faces radial to the
base of the trees:-

Line diagrams were drawn depicting the

horizon morphology of the pit face.

ii. The pit face was photographed at

uniform spatial intervals to enable production of a photo-
mosaic map.

iii. Intact soil-core samples were taken
on a grid pattern across the pit face.

A sequential description of the above procedures is
presented below with reference to Figure 2.9.

At one end of the soil pit face which has a vertical,
planar face O t a meter quadrat, 2 x lm with a 20cm interval
grid demarcated with fishing line Q was positioned so that
grid lines were level. The horizon boundaries of the pit

section within the quadrat were then drawn at a reduced scale

onto graph paper.

A rigid metal stake, one end of which was pointed and

the other containing an angular metal brace cp was positioned
opposite to and at a set distance from the quadrat face. The
stake was secured by the brace so that it was vertical and

parallel to the pit face.

Attached to the stake was an adjustable platform which

carried a 35mm single-lens-reflex camera with a 28mm wide-angle
lens, a vertical viewfinder and two electronic flash units (4),

a Hanimex PX2000 and a National PE-2810 (Plate 2.3) (this was
later changed to a single, automatic Mecablitz, wet cell power-
ed, flashgun for the Pit E photography). The camera was

positioned parallel to the pit face plane by viewing the grid
lines through the viewfinder and adjusting the camera until

they were parallel. Starting at the top position on the stake,



59

Figure 2.9: A diagram depicting the sequence of procedures
used in constructing a photomosaic map and a
graphical drawing of horizon boundaries of a
soil pit face. Refer to text explanation.



Plate 2.3: The apparatus used to photograph the pit face
with series of overlapping, orthogonal photos
from which a photomosaic map of the pit face
could be produced. See the text for detailed
description.

60
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a series of overlapping photos of the pit face C) were taken
at 10cm vertical intervals by lowering the camera platform

after each successive shot 1). Holes positioned at 10cm
intervals on the stake and a removable pin aided this operat-
ion. The platform also had a positional screw.

After a vertical run of photos, the brace was removed
and the stake repositioned at a set distance laterally along

the pit (t. As before, the stake must be at a constant
distance from the pit face and vertical and planar to the pit
face. The second run of photos would now horizontally overlap

the previous run. This procedure was repeated until the next
run was beyond the area covered by the grid quadrat. At this
point, small nails were placed at each 40cm grid intersection

point (for Pit E the nails were placed on each 20 x 10cm grid
intersection point, the 10cm being the vertical length) to enable
the precise positioning of the soil corer sample on the graph-

ical section.

The quadrat frame was then repositioned laterally along

the pit face ®, levelled and the full procedure repeated until
the whole pit face was processed. The final results were a

scaled, grid-drawing of the pit face horizons, a series of

overlapping, orthogonal photos from which a photomosaic of the

pit face could be constructed and a grid-work of nails on the
pit face.

Finally, the intact cores* were obtained, 56mm in dia-
meter and either 76 or 56mm in length (depending upon what
internal sleeve was used). The trimmed cores of known volume
were sealed in glass jars. The photomosaics, section drawings
and grid-point sampling were obtained for Pits A, C and E. Pit
B was photographed but only profile 1B sampled. Photomosaics
of profiles 1C, 1D, 1E and 2E were constructed. The McNamaras

Road site Pits F and G were difficult to photograph or to
produce graphically drawn sections using the grid frame due to
the protuberance of numerous large roots. Pit section drawings
were therefore produced for this site using a string grid
nailed over the pit face. The horizon boundaries of Pits F and
part of G were drawn at a reduced scale in this fashion.

* The soil corer was designed by J.L. Charley and G.J. White
of the Botany Department, U.N.E.
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The core sampling was more difficult for the blackbutt

pits because of the concentration of roots and the gravelly

nature of the soil. For this reason only Pit E was grid-

sampled.

(d) Laboratory Procedures 

(1) Sample preparation:

Bulk soil horizon samples were air-

dried and then sieved to give the fine earth fraction (<2mm)

and gravel (>2mm) which was expressed as a percentage of

total sample. All chemical determinations were made on air-

dried soil unless otherwise specified.

(2) Moisture content:

Air-dried, soil profile samples were
oven-dried and moisture contents measured as specified by
McIntyre (Loveday, 1974). The calculations are based on the
oven-dried weight of soil.

(3) Particle size analysis:

The hydrometer method of Day(1965)

was slightly modified to utilize the calculated settlement

times (Van derWatt, 1966) for which the hydrometer reading

produces the silt and clay percentages. Coarse sand fractions

were separated on a 70 mesh sieve while the fine sand and clay

fractions were separated using the sedimentation method of

McIntyre and Loveday (Loveday, 1974). Percentages of all
fractions were calculated on an oven-dry basis. The fine sand,

coarse sand and clay samples were stored for mineralogical
analysis.

(4) Bulk density:

Clod profile samples were oven-dried and

bulk density measured using the kerosene method of McIntyre

and Loveday (Loveday, 1974) and the pycnometer apparatus of
Fox(1959).

A second method was applied to the intact cores
collected from the pit face by grid sampling. As each core
was of known volume, oven-dry weights were used to derive the

oven-dried bulk density values.
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(5) pH:

The pH of 1:1 water-soil and IN KC1-soil solutions

were measured using a Phillips PW9414 digital ion activity

meter. To minimize the junction potential, the glass elec-
trode was immersed in the soil slurry and the reference elec-
trode in the supernatant after each sample had equilibrated
for 1 hour after shaking (Russell, 1973; p.123).

(6) Exchangeable bases and cation exchange capacity:

2g soil

samples were mixed with 2g of acid washed sand and placed in
the leaching apparatus of Charley(1979). The first leaching,
to remove soluble salts was with 50m1 of 90% ethanol. The
second leaching with 100m1 of IN NH 4OAc at pH7 produced a
leachate containing the exchangeable cations, and the final
leaching with 50m1 of 90% ethanol washed the excess N41. ions
from the sample. The soil sample was then transferred to a
100m1 side-arm,round-bottom flask and the amount of NH 4 occupy-
ing the exchange sites determined by the steam distillation
method of Bremner(1965). The NH 40Ac leachate containing the

exchangeable cation was analysed for the concentrations of
Ca, Mg, K, and Na using a Varian Techtron Model 1200 Atomic

Absorption Spectrophotometer and the methods of Parker(1972).
A Lanthanum Chloride solution was used to reduce background
interference.

(7) Exchangeable acidity:

Total exchangeable acidity, exchange-
able Al and H were determined by the method of McLean(1965).

(8) Base saturation:

The sum of the exchangeable bases (Ca,

Mg, K and Na; procedure (6) above) was expressed as a
percentage of the cation exchange capacity (also from procedure
(6) above). Base saturation was expressed also as the percen-
tage of the ratio of the sum of the exchangeable bases to the
total exchangeable cations (Exchangeable bases plus exchange-
able Al and H as found from procedure (7) above).
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(9) Organic carbon:

Determined by the Walkley-Black method

of Allison(1965).

(10) Total nitrogen:

The sulphuric acid digestion, semi-micro-
kjeldahl method of Bremner(1965) was used with the Technicon
block digestor (Industrial Method No.369-75A/B). The digest
was analysed using Technicon Industrial Method No.329-74W/B
and the Technicon Auto Analyzer II. In this procedure ammonia,
sodium salicylate, sodium nitroprusside and sodium hypochiorite
(chlorine source) was buffered in an alkaline medium at a pH

of 12.8-13.0 and the ammonia salicylate complex read at 660nm.

(11) Total phosphorus:

The perchloric acid digestion method of
Olsen and Dean(1965) was used with the digest analysed on the
Technicon Auto Analyzer	 Industrial Method No.329-74W/B.
This procedure utilizes the reaction of the orthophosphate,

molybdate and antimony ions followed by reduction with ascorbic

acid at an acidic pH. The phospho-molybdenum complex was read

at 660nm.

(12) Extractable iron oxides:

The rapid citrate-dithonite

extraction method of Holmgren(1967) was used on selected

profile samples. The extracted solutions were treated with

o-phenanthroline	 to produce colour and then read at 508nm on
a Beckman DB-GT Grating Spectrophotometer.

(13) Xray diffraction of clay samples:

0.5g clay samples from
the fractions retained in procedure (3) were pressed into
random powder tablets with a base of boric acid (H

3
B0

3
). Pre-

treatments were made for selected B horizon clay samples of

profiles 2C and 2E to facilitate the identification of the

clay species. Subsamples of the air-dried clay powders of

these horizons were either, i) heated to 500°C for 2 hours, or

ii) saturated with potassium ions using the method of Whittig



(1965) and then pressed into the random powder tablets.

Each of the clay tablets were then analysed using Co
Ka: radiation from a Phillips PW1050/30 Xray Diffractometer
and Generator.

6.5
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