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CHAPTER 1

INTRODUCTION

The role of fire as a major operational factor in a very
wide range of forest environments - tropical, temperate and sub-
arctic - is well documented. For example, it has been amplyv
demonstrated that the existing tropical African sévanna woodlands are
largely the result of repeated fires in the past (Gillon, 1971;
Innes, 1971). In Australia, the genus Eucalyptus provides evidence
of fire as a factor in natural selection; species of this genus
owe their origin, distribution and survival largely to past fires
(Jackson, 1968; Mount, 1964) but also to other site factors. The
southermn pine types of North America aré generally considered fire
sub-climax, having evolved over the centuries with fire as an
integral part of the natural environment (Perkins, 1971) . Again,
evidence indicates that periodic past fires are responsible for the
extensive development and survival of heath communities covering
parts of Great Britain and neighbouring countries around the North
Sea (Gimingham, 1971). In these areas, firing at more or less
regular intervals,‘has prevented the encroachment of naturai forest
types. Finally, in the Canadian tundra, studies by Cochrane and
Rowe (1969) indicate that evidence of past fires exist on well-
drained slopes occupied by Alectoria lichen communities.

Forest fires are -often the result of man's activities,

although lightning and other natural causes are at times responsible



for some fires. In places such as North America lightning-caused
fires are freguent in the forests during the dry season (Black,
1968) . However in other regions such as the humid tropics that
have relatively short spells of dry weather, although thunderstorms
are abundant, lightning-caused fires may be less freguent in the
forests unless extensive and repeated drought occurs {Komarek, 1971).
The term "wildfire" as used in the forestry literature
is synonymous with "forest fire" and both come under a common de-
finition of "uncontrolled and freely-spreading combustion that
consumes the natural fuels of a forest, i.e. litter, soil organic
material and vegetation" — based on Davis (1959). Frequently, the
combined effect of heavy fuel volumes and dry weather conditions
cause many wildfires to burn with explosive violence, generating
intense heat. The result usually is extensive damage to the forest
communities and soils. Fire-caused damage may take the following
forms:—
(1) Death of merchantable trees or serious degrade in tree
guality.
(2) Provision of conditions favourable faor tree-destroying
insects and pathogens. |
(3) Delays in, or sometimes prevention of, regeneration -
especially when seedihgj time coincides with the fire
incidence.
(4) Destruction of the soil's humus-forming litter and duff.
(5) Total or partial destruction of soil microfauna and flora
in upper soil layers by direct killing or indirect

destruction of shelter and source of food.



(6) Serious plant nutrient losses through combinations of
excessive leaching, surface run—-off and windblow.

(7) Removal of ground cover. This may produce the following
effects:

(a) Overheating of surface soil under the influence of
the increased solar radiation.

(b) Increased soil moisture losses through evaporation.

(c) Soil compaction and structural deterioration under
the direct impact of rain drops.

(d) Reduced soil non-capillary porosity and aeration
with resultant decline in aerobic microbial activities
and oxidation-reduction reactions in the soil.

(e) Increased risk of surface run-off and erosion that
may lead to flooding and siltation damage to nearby
dams and stream channels.

Many reports demonstrate that wildfires have caused considerable
economic losses through extensive devastation of forested lands
(Black, 1968; Haines and Sando, 1969; Luke, 1961; McArthur et al.,
1966) .
Against these adverse effects of uncontrolled fires, there

may be certain beneficial side effects. These include:

(1) Fertilizing action of the plant ash.

(2) Stimulation of mineralization processes in soils.

(3) 1Increase in the amount and quality of young growth

available as food for browsing animals.



(4) Reduction of existing fuel volumes, hence reducing
future fire hazards.

(5) Maintenance of existing fire sub-climax communities which
may be of high commercial value. Apparently total
exclusion of fire in some instances will result in
significant, and probably unwanted, changes in species
composition.

Thus, it becomes evident that fires can have both beneficial and
detrimental effects on woodland ecosystems at the same time.

It is widely accepted that most of the devastating effects
of wildfires could be reduced to a minimum if fires occurred under
planned conditions (Lyons, 1971; McArthur, 1966; Perkins and White,
1969) . In recent years, knowledge and understanding of factors
that influence fire behaviour and intensity have greatly increased
(Byram, 1959; Hough, 19688). Following this, it is now possible in
many areas to forecast, with reasonable accuracy, the manner in which:
fire will behave under specified conditions of fuel, weather and
topography. This has led to the development of "control burning”
in forest management. McArthur (1966) has defined control burning
as: "The planned application and confinement of fire to the vege-~
tation of a pre-selected land area". The term "prescribed burning"
was first used in connection with the understorey of forests
(Biswell, 1967) . Later, the term was employed synonymously with
control burning as applied to brushlands. The primary objective of
control burning is the skillful application of fire in order to

realize maximum net benefits at minimal damage to the forest community



and soil. Most control burning practices fall into four categories
as follows (McArthur, 1966):
(1) Burning of buffer strips or fuelbresks around areas of
high value.
(2) Advanced burning prior to logging operations.
(3) Slash disposal burning for regeneration and hazard
reduction following logginge.
(4) Control burning of large areas, generally on a rotational
system, to minimize wildfire severity.
Various types of control burning, as Forést management technigues,
have received widespread recognition in many parts of the world.
In Australia, rapid fuel build-up is.characteristic of the major
forest types. As a result, interest has largely centred on area
control burning, locally termed "fuel modification burning”.
Burning rotations are based on the rate of forest fuel accumulation
in the particular vegetation types. In eastern Australia, a range
of 5 to 7 years represents the common interval between burns while
4 to 6 years is the common rotation range in western Australia
(Australian Conservation Foundation, 1970).

Despite the increasing use of control burning, the actual
and potential effects of fire on forest ecosystems are still not well
understood. For example, there are reports of increased, decreased
and sometimes unchanged conditions in forest productivity after
control fires. These conflicting reports make it almost impossible
to generalize about the beneficial and detrimental effects of

control burning. While very intense fires are fregquently injurious



to plants, excessively hot fires may be useful in some situations.
For example, when a cleared forest is burnt in thick piles or
windrows, "ashheds" are formed. Numerous reports indicate that tree
seedlings planted in these ashbeds have spectacular initial growth
stimulus that may persist for several years (Cromer, 1970; Humphreys
and Lambert, 1965; Hatch, 1960; Pryor, 1963).

Under a standing forest, it is generally accepted that
any complete evaluation of net fire effects in specific situations
must include consideration of type and age of the stand, forest fuel
characteristics, fire intensity and duration, soil type, topography,
weather conditions and the object in view. 0f these, fire
intensity appears to be of primary importance (Gilmour and Cheney,
1968) . Byram (1959) expressed fire intensity in terms of energy
output per unit of time, per unit length of fire front, and calculated
it from the eguation:

I = Hwr
where,

I = Fire intensity in B.T.U. per second per foot of

fire front.,

H = Heat yield in B.T.U. per pound of fuel.
w = Weight of available fuel in pounds per square foot.
r = Rate of forward spread in feet per second.

Ralston (1971) correlated fire intensity with forest floor removal
and stressed the need to recognize the variations in forest floor
removal by different kinds of heat. This is noteworthy because

while a "heavy" slash burn and a "light" fuel modification burn



are both forms of control burning, the former is relatively intense
and long-lasting owing to greater fuel volumes. Most studies
on fire effects, however, lack adequate descriptions of particular
heat intensities involved. Some workers (e.g. Gilmour and Cheney,
1968) have expressed critical views on this neglect and suspect
that this could be largely responsible for the inconsistency in
the results of forest fire studies.

Many workers have warned that control burning involving
frequent fires, such as annual burns, may progressively degrade
soil fertility (Floyd, 1966; Lemon, 1967). Persistent fires of
this nature usually prevent the establishment of forest floor cover
needed to maintain stability of soil micro-climate and nutrient
cycling. Disruption of nutrient cycling in forest ecosystems is
particularly seriocus in young plantations where the bulk of the organic
litter is derived from the ground flora (e.g. see Ovington, 1965).
Hence it appears that possible benefits from such successive fires
are often offset by the damage to the ecological system.

The wildfire situation in Australia is particularly
serious and is responsible for considerable human and economic losses,
perhaps as high as $200 million in a season of bad fires (Rural
Firesf Conference, 1969). The magnitude of this loss has stimulated
a certain amount of research on forest fires, Fire—Fighting and
ancillary aspects of the problem. Fire-fighting techniques will
no doubt continue to improve, but nevertheless, once established
wildfires will burn more or less uncontrolled, especially when large

amounts of combustible fuel are available on the forest floor or in



the understorey shrubs. In the present study, forest fuel modifica-
tion burning is discussed in relation to its effects on certain

soil physical and chemical properties, the floristic composition and
nutrient levels of the ground vegetation and on tree gYowth and
davelopmend

opeages during the first one year after the burn. Since fuel
modification treatments are prescribed on rotational basis, it is
important to evaluate such shbrt—term post-fire effects on forest
productivity. Much more work is needed in this field to provide

a sound basis for the expansion of current knowledge and understanding

of control burning effects.



CHAPTER 2

REVIEW OF LITERATURE

241 Forest fires and forest ecosystems

The term "ecosystem" was introduced by Tansley (1935).
By definition, an ecosystem is "the total sum of living organisms,
their physical environment and the processes of interaction that
occur between and within all parts of the system" (Gates, 1968).

Through natural selection primarily, over long periods
of time, certain plant and animal communities have developed
adaptations that allow them to live where fire is a factor of the
environment (Komarek, 1962). These "fire-adapted" communities
have become geared to periodic burning, including any adaptation
to the properties of freguently burnt soils, as a normal feature of
the environment (Lemon, 1968) . Thus, it becomes apparent that
total exclusion of fire would mean the removal of one of the most
important environmental factors that had functioned over several
years to maintain balance and stability in most forest ecosystems.
In plant communities, the evolutionary adaptations comprise
features that prevent the destruction of vital vegetative tissues
and the production and efficient dissemihation of reproductive
bodies (Lemon, 1967). Recovery after fire occurrence is made
possible through anatomical mechanisms such as thick bark, epicormic
sprouting, etc., and reproductive mechanisms (e.g. rhizomes, root

sprouting and serotinous cones).
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As with most other environmental factors, man has greatly
modified the influence of forest fire, increasing it in many cases
and decreasing it in others (Odum, 1971). Some plant species
are adapted to successional communities and are thus absent from,
or occur at lower densities in, stable or climax communities
(Whittaker and Woodwell, 1972). Likewise, there are certain
animals that thrive best when the forest climax has been destroyed
in some way, giving way to seral communities, while others prefer
climax environments (Leopold, 1969).

In considering fire as an ecological factor, it is always
important to note the different types of fire which differ in their
effects on forest ecosystems (Odum, 1971). Davis (1959) has made
the following distinctions:

(1) "Surface fires", that consume forest floor material (i.e.
litter, herbs and shrubs),
(2) "Ground fires", that consume the bulk of the partly-
decomposed forest floor material,
(3) "Crown fires", that burn tree canopies.
Severe scorching of tree foliage by crown fires may cause tree death.
Ground fires proceed slowly but intensely and may adversely affect
soil organic content, microbial life and feeding roots of plants.
Surface fires, on the other hand, generally exer§ selective effects
(0dum, 1971). These fires are more limiting to some forest organisms
than to others and thus favour the development of organisms with

relatively high tolerance to the fire factor.
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242 Fire adaptations in the Australian vegetation

The important plant families of the Australian vegetation
are the Myrtaceae, Leguminosae, Proteaceae, Casuarinaceae and
Epacridaceae (Hall et al., 1970). The eucalypts (Eucalyptus)
and the wattles (Acacia) are two particularly prominent genera.
Eucalyptus is by far the most important genus of Australian forest
trees. Its members dominate 95 percent of the forest area and
spread out over much of the remainder of the continent (Hall et al.,
1970) .

Rainforest communities that cover areas which are moist
for most of the year seldom accumulate much litter (Mount, 1964).
However, the presence of eucalypts in mixed forest stands (i.e.
eucalypt dominants with understorey of rainforest species) indicates
the possibility of fierce fire outbreak in these stands after heavy
fuel accumulation. The Australian sblerophyll vegetation consists
of wet and dry types. Wet sclerophyll eucalypt communities
occupy the deeper, commonly loamy soils of the higher rainfall zone
(Hall et al., 1970). While the foliage of the eucalypt dominants
show some degree of inflammability, common understorey associates

like Bedfordia spp., Salicina spp., Pomaderris apelata and Acacia

dealbata are characterised by their relatively non-inflammable
shoots (Mount, 1964). Dry sclerophyll eucalypt communities grow
in habitats where soil mqisture is markedly reduced in summers,
although water supply maylbe ample in winters. Summer droughts
are thus common. Understoreys associlated with dry sclerophylls

are normally low, harsh, xeromorphic shrubs with sclerophyllous
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microphylls (Cochrane, 1968). On very dry sites the shrub layer

may be largely or entirely replaced by fibrous grasses even though
there is no remarkable decrease in tree density. These factors
suggest that dry sclerophyll communities will burn either more fiercely
or more freguently than any of the other forest types.

The eucalypts in general produce abundant quantities of
bark and other fuels. Species of this genus rarely occupy a site
to the total exclusion of undergrowth since their crowns allow much
penetration of light onto the forest floor (Cremer, 1960). Both
pre—~fire and post-fire climatic and seasonal conditions modify
burning and regeneration patterns (Dochrane, 1968) . Extremely dry
conditions prior to a wildfire outbreak usually cause very intense
fires with many ground species killed and much seed burnt. Some
underground parts of plantsmay escape destruction from the intense
heat and regenerate under favourable conditions. Also desiccakion
and dehiscence of many woody fruits by the heat of the fire result
in great numbers of seedlings appearing after some fires.

The eucalypt genus has advantages over most of its
competitors with regard to fire, in its resistance, regeneration
and rapid growth of both seedlings and coppice (Mount, 1964).
Eucalypts are generally considered one of the most fire resistant
genera .. in the world (McArthur, 1968). Most eucalypt
species have developed protective barks, bud strands and lignotubers
that ensure survival after fire. Dormant (or epicormic) bud strands
are shafts of bud-producing tissue that develop from the position

of a leaf axil. On the trunks and branches of an Eucalxptus tree
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there exists at least one of these shafts for every leaf that
developed as the tree gained height (McArthur, 1968). These bud
strands can withstand progressive killing of the bark and phloem

and may occasionally survive the death of the cambium. Lignotubers
are woody swellings at stem bases which bear numerous dormant

buds . From these buds, new shoots can be produced after the plant's
shoot system has been damaged by fire, drought, or animals (Van
Noort, 1960). Lignotubers commence in the axils of the cotyledons
or the first few leaf pairs of a seedling. As the seedling ages

the swellings in the individual leaf axils fuse to form a bulbous
tissue. This tissue later folds down the stem, enveloping the upper
part of the root system (McArthur, 1968). With increasing age

and size the lignotuber becomes partly buried beneath the soil
surface. Due to this partial underground nature of lignotubers,
they are seldom completely damaged by fire and are the ultimate
mechanism by which most eucalypt species can survive fires.

Pines, particularly Pinus radiata, are the major exotic

conifers grown in Australia. Pryor (1940) noted that Pinus
canariensis is one of the few conifers that approaches the eucalypts
in its ability to recover from defoliation by fire. This species
is capable of putting out vigorous epicormic shoots on stems and
branches after fire. A similar characteristic was observed in

Pinus pondercsa, P. caribaea, P. laricio, P. patula and P. flexilis

although not as remarkable as' in Pinus canariensis. Pryor (1940)

presented the following classification of fire resistance for selected

pine species:-
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(1) very resistant : Pinus canariensis.

(2) Resistant : Pinus coulteri, P. ponderosa, P. caribaea,

P. arizonica, P. apacheca, P. pinaster, P. montezumae,

E. jeffrezi.

(3) Susceptible : Pinus radiata, P. densiflora, P. contorta,

P. austriaca, P. sabiniana, P. sylvestris, P. patula,

P. flexilis, P. laricio, P. torreyana.

(4) Very susceptible : Pinus lambertiana, P. strobulus,

E. monticola.

2.3 Principles and practices in control burning in Australia

Control burning as a forest management technigue requires

a clear-cut objective and skillful handling (Davis, 1959). The
proper use of fire in any particular situation can only be recom-
mended where adequate knowledge exists of the interrelationships
between the many variables that affect fire behaviour and fire in-
tensity, and hence fire damage (McArthur, 1962). The major
variables recognized as affecting fire behaviour include the
following:

(1) Type of fuel

(2) Quantity and arrangement of fuel

(3) Fineness of fuel

(4) Fuel moisture content

(5) Atmospheric temperature

(8) Relative humidity

(7) wind velocity

(8) Topography.
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The type and composition of the forest stand plays an
important role in determining the "spot fire" potential of a
particular fuel type (McArthur, 1962). Spot fires are burns
initiated by glowing embers that are carried ahead of the main fire
front under the influence of strong winds. In the Australian
eucalypt forests the rough-barked species are generally more prone
to spotting than are smgoth—barked species (McArthur, 1962). The
presence or absence of understorey species and their fire characterist-
ics can also vitally affect the behaviour of a forest fire by
providing additional fuel for combustion, and by microclimatic
effects.

All studies of fire behaviour in eucalypt fuels have
indicated that the amount of available fuel on the forest floor is a
most significant variable affecting fire behaviour (McArthur, 1962).
By "available fuel" is meant the guantity of fuel that actually
burns in a forest fire (Van Loon, 1969). As the fire's heat
intensity increases, more fuel becomes available for combustion.
The term "total fuel" fregquently refers to the guantity of fuel
that would burn under the driest conditions to produce a fire with
the highest intensity of heat (Byram, 1959). In control burning
practice, however, the total fuel concept assumes little importance.

The degree to which a given fuel type is horizontally
continuous is a very important aspect of forest fuels due to its
direct relation to the rate of spread and difficulty of suppression
(Davis, 1959). Both fuel continuity and fuel fineness are
important in appraising fire spread potential, as the finer the fuel

type, the higher the rate of spread (McArthur, 1967).
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Fuel moisture content influences forest fire behaviour
since combustibility generally decreases with increasing moisture
content (Byram, 1959). Most control burning guildes attempt to
estimate fuel moisture regimes either by the use of hazard sticks
or by reference to tables of temperature, relative humidity and
recent rainfall (Van Loon and Love, 1973). Evidence derived by
McArthur (1967) in a dry sclerophyll eucalypt forest indicated that
fuel moisture content values in the narrow range around 15 percent
are generally satisfactory for most control burns. In another
study, Van Loon and Love (1973) compared fuel moisture content with
the percentage fuel reduction on the one hand, and with fire intensity
on the other. These workers noted that moisture regimes below 13
percent could produce heat intensities above the optimum range for
control burns, while moisture contents above 20 percent could hinder
efficient fuel reduction under certain conditions.

Weather information, which forms part of control burning
prescriptions, is commonly recorded at the burning site. The
data are collected in advance of the burning time in order to study
the trends and daily variations (Schimke et. al., 1970). It is
often necessary to record the daily weather information when
atmospheric temperatures are near maximum and relative humidity
near minimum (McArthur, 1962). During this time, the prevailing
weather conditions are usually near the worst possible for the day
from the view point of fire danger.

A wide range of temperatures - 30°F (-1°C.) to 80°F (27°C.)

has been proposed as suitable for most fuel modification burnings,
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depending on other conditions. Under a 23 year old radiata pine
plantation Gilmour and Cheney (1968) conducted a satisfactory
control burn when the ambient temperature was 78°F (25.6°GC.) and
relative humidity 30 percent. Schimke et al. (1970) are of the
opinion that relative humidities above 60 percent cannot effectively
support most control fires.

Wind velocity has considerable influence on control fires.
Burning is generally found to be most satisfactory when the prevailing
winds are fairly constant in direction and speed. According to
McArthur (1967) the rate of forward spread of fires in most
eucalypt forests varies approximately as the square of the wind
velocity, except under very light winds of less than 2 m.p.h. Wind
velocity effect is greatest at very low fuel moisture regimes. Wind
velocity is generally expressed in‘terms of open station exposure,
although the effective wind is that reaching the flame Froﬁt on
the forest floor (McArthur, 1967).

Slope appears. to have a marked influence on the spread
rate of fires. It has been reported that the rate of forward
progress of fire in eucalypt fuels doubles on a 10 degree slope,
and increases fourfold on a 20 degree slope (McArthur, 1967). On

downslope directions fire spread is generally reduced.

Season of burning

Spring is generally accepted as the most satisfactory
season for light-intensity burns (McArthur, 1962; Schimke et al., 1970

During this season the top soil and duff layers of the forest floor
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are often wet and do not hold fire for long periods. Thus fire
escape is minimal and when it occurs suppression is often easy.

Van Loon (1969) however pointed to rising hazards in spring burns in
Australia following strong north-westerly winds of continental

origin that prevail during this season. These winds are often hot
and dry. Peet (1965) proposed that control burns carried out in
autumn are generally "cleaner" and thus of greater protection value
than most spring burns. Furthermore, some forest areas (For example
flats) will not easily burn in the spring season. McArthur (1962)
has warned that autumn burns, when they occur, are best deL?“fQCJ
until the dry conditions have been broken by an adequately soaking
rain. Great care is needed to ensure that excessive leaf scorch
does not occur to young stands during autumn burns. Saplings that
are badly scorched during this season may fail to recover until late
the following spring (McArthur, 1962). This situation could
adversely affect tree growth. In certain instances the timing of the
prescribed burning is very important. For example, in regeneration
burns knowledge of seed maturing period is often vital (Davis, 1959).

Such burns are most effective when they closely precede seedfall.

Prediction of fire behaviour

McArthur (1967) has studied fire behaviour in eucalypt
forests in éome detail. The following account of fire behaviour
prediction draws largely on the work of this: author.

Data from experimental fire behaviour studies and wildfire

analyses have been combined into a "forest fire danger meter",
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which guides the daily forecast of fire danger rating. Generally,
more precise control burning tables are used for the predictions

of low intensity fire behaviour. The fire danger meter integrates
the combined effects of fuel dryness and wind velocity to produce

a basic index which can further be modified by the inclusion of
fuel guantity and slope for initial attack analyses. The fire
danger index is directly related to rate of spread on a scale of

0 to 100. A rating of 100 represents "worst possible" conditions

of

(1) air temperature {100 to 105°F),

(2) relative humidity (< 10 per cent),

(3) wind velocity (3 35 m.p.h.),

(4) an extended prior drought period of 6 to 8 weeks or more,
and

{3) unstable atmospheric conditions.
The index comprises fire divisions of : low; moderate; high, very

high and extreme.

Control burning operations

The size of a control burning crew and the amount of
gquipment needed will depend on the extent of the burning. Since
fire escape problems are relatively minimal in prescribed burns,

a small crew is usually what is needed (Schimke et al., 1970).

In Australia, the afternocon hours of 1300 to 1500 are

recommended for fuel modification burns (McArthur, 1962). The

meteorological and fuel moisture conditions at the time of burning
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will dictate whether the fire will be with or against the prevailing
wind (i.e. headfire or backfire). These site conditions also
decide the direction of the fire front with respect to slope (Van
Loon, 1969). Ignition is carried out in a way that will ensure a
systematic combustion of the fuel in the shortest possible time
(McArthur, 1962). A grid system of fire spotting is commonly
employed. Spot fire spacing is determined by fuel guantity and
distribution, slope and weather conditions. Often a test fire is
started in the ajoining area to provide a check of the prescription
conditions before the burning treatment. Aerial ignition methods
provide a remarkable improvement in area control burning particularly

in steep mountainous country (McArthur, 1969).

Control burning practice in Australia

The current practice of area control burning in Australia
dates back to the mid 1950's (McArthur, 1966). Initial programmes
of prescribed burning operations were concentrated in the jarrah

(Eucalyptus marginata) forests of Western Australia where wildfire

hazards were greatest. In eastern Australia, fuel reduction burning
in forest management has developed relatively slowly due to topographic
and other difficulties (McArthur, 1966) . Furthermore, some of

the existing wet sclerophyll associations may only reguire fuel
reductions at very infregquent intervals. For example, many wet
sclerophyll and rainforest associations in Tasmania have a period

of fuel scarcity lasting 10 to 20 years (Mount, 1964).
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Radiata pine, the leading exotic conifer planted in
Australia, is susceptible to intense fires (Pryor, 1940). There is
little doubt therefore that, in view of considerable fuel build-
ups under pine stands (McArthur, 1966), wildfires will cause serious
damage when they occur. Thus the need for fuel modification under
stands of pine becomes apparent. Considerable success. has been

reported under stands of Pinus radiata (Gilmour and Cheney, 1968;

McArthur, 1966), Pinus ponderosa Laws and Pinus pinnaster Ait.

(McArthur, 1966).
Area control burning has some beneficial side effects.
In Australia, the following have been investigated in some detail:
(1) Eucalypt seedling regeneration.
(2) Elimination of competitive understorey and provision of
easier access in the forest.
(3) Control of forest insects.
(4) Halting the ecological succession towards a less desirable

forest type.

Reports indicate that fire plays an extremely important
role in the regeneration of eucalypt forests throughout Australia
(Cremer, 1962; Curtin, 1966; Florence, 1969; Gilbert, 1959; Harris,
1956) « Field studies have shown that most species of Eucalyptus
require relatively high light intensity (Florence, 1969; Gilbert,
1959) as well as mineral soil contact (Harris, 1956; Van Noort, 1960)
in order to develop satisfactorily, although regeneration is also

influenced by other factors. In addition to these two reguirements,
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eucalypt regrowth is enhanced after burning following the readily
available nutrients released in the plant ash and also changes that
occur in microbial equilibrium in the soil which favour mineralisa-—

tion(Florence, 1969). 1In the jarrah (Eucalyptus marginata)

forests of Western Australia, regeneration burning is almost a
routine silvicultural practice (e.g. Van Noort, 1960). Reports
indicate that burning favours the initial establishment of Eucalyptus
pilularis stands in eastern Australia, although it is not always:
essential to provide an exposed mineral seed bed for successful
regeneration (Curtin, 1966; Florence, 1964). Generally, the
unburnt and undisturbed forest floor is unsuitable for satisfactory
regeneration of most eucalypts in the wet sclerophyll forests of
New South Wales (Curtin, 1966). It has also been shown that
eucalypts seldom invade or penetrate an unburnt rainforest except
as a result of disturbance by logging or perhaps under conditions of
extreme exposure (Cremer, 1960). Once satisfactory regeneration has
been obtained then a period of complete protection from fire becomes
necessary until the stand is old enough to resist fire (Curtin,
1966). Henry (1961) has suggested a fire-free period of 3-4
years as needed for the establishment of most eucalypt seedlings.
Weed species developing densely under forest stands can
present serious silviculturalbproblems. In addition to suppressing
regeneration, populations of undergrowth have a marked influence on
soil water use, particularly in regions of prolonged dry season.
In a 50 year old upland pine forest of North America, Zahner (1958)

demonstrated that understorey hardwoods compete effectively with the
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forest crop for soil mosture. A similar finding was reported by
Johnson and Kovner (1956) where mechanical removal of a dense
undergrowth resulted in a 6 percent decrease in evapotranspiration.
In Queensland, Henry (1961) reported that complete protection of
spotted gum-iron bark associations over long periods causes gross

invasion by weed species, notably Lantana camara and brush box.

Studies have also indicated that in the blackbutt (Eucalzptus
pilularis) region of New South Wales, hickory wattle (Acacia

binervata D.C.), black wattle (Acacia irrorata), hop bush

(Dodonaea triguetra Wendl.) and soldier vine (Kennedia rubicunda

Vent.) are among the outstanding weed species that affect tree
survival (Floyd, 1968). Control of understorey weed species has
thus received some attention. In Queensland, Henry (1961)
concluded from an 8 year annual and periodic prescribed burning
programme that the general effect of fire on weed species appears
to be a marked suppression of large individuals, thus improving
visibility and access in the stand. These experimental burns gave
considerable control of the major weed species, although coppice
and seedling densities increased after the treatment. Control
fires also have useful application, in range management, in the
control of seedlings of woody species (Moore, 2969). However, a
number of difficulties are encountered in the use of fire for weed
control. For example, very dense thickets may be difficult to
burn except under conditions which are likely to cause damage to
valuable species (Henry 1961). Some members of the Myrtaceae,

Proteaceae and the Casuarinaceae families possess hard woody fruits
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that remain attached to the plant for prolonged periods after
maturing. Fire, in such cases, causes dehiscence of the fruits
liberating viable seeds for colonization. For certain seeds

with thick and impervious coats, notably the wattles, fire induces
changes that permit imbibition of water thus promoting germination
(Moore, 1989). Floyd (1966) concluded from field studies in

Victoria and Tasmania that, under optimum soil and climatic conditions,

Eucalyptus regnans F. Muell can suffer heavy mortality up to the

age of 8 years in dense Pomaderris thickets that develop after a burn.
Many insect pests exist in the commercial forest areas
of Australia. Throughout eastern Australia, the insect species

Didymuria violescens of the family Phasmidae has been noted as a

very effective defoliator of Eucalyptus trees (Campbell, 1959).
In the coastal forests of northern New South Wales, the phasmid,

Ctenomorphodes tessulata Gray is a serious pest attacking a wide

range of species from the genera Eucalyptus, Syncarpia, Acacia and

Casuarina (Hadlington and Hoschke, 1959). Under certain environ-

mental conditions the Cypress pine jewel beetle, Diadoxus erythrurus

White, whose larvae feed on conducting tissues of stems, is very

detrimental to Callitris and Cupressus species in eastern Australia

(Hedlington and Gardner, -1959). Also occurrence of massive ant
populations under eucalypt stands has been related to widespread
destruction of seed which affect seedling regeneration adversely
(Campbell, 1959; Gilbert, 1959; Harris, 1956). Information about
the possible use of fires in the control of forest insect pests

is scanty. Studies by Campbell (1961) and Hadlington and Hoschke
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[1959) led to the general conclusion that, properly timed, prescribed
burns directly reduce insect populations. However, it appears

that an alarming rate of re-invasion in the few years following

the fire is the rule (e.g. Bornemissza, 1969; Hadlington and
Hoschke, 1959). In Western Australia, Bornemissza (1969), while
working on insects and mites, observed that recovery of insect
numbers after fire is associated with the development of leaf litter
on the forest floor as well as regrowth of herbs and shrubs in
exposed areas. Some authors have stated that the removal of
regulatory factors, such as parasites énd predators, from the en-
vironment by fire partly explains the rapid rate of insect re-
colonization after burns (Hadlington and Hoschke, 1959). The use
of prescribed fires for forest insect control is further complicated
by the fact that fires of sufficient intensity can predispose the
forest trees to more severe insect attacks. For example, under
favourable conditions adult insects of the Cypress pine jewel

beetle, Diadoxus erythrurus White prefer slightly scarred bark

surfaces for oviposition (Hadlington and Gardner, 1959). Again,
evidence shows that colony-founding pairs of some serious tree

destroying termites, notably Porotermes adamsonii, gain access to

eucalypt host plants through decayed portions of fire scarred stem
bases (Greaves et al., 4965). It is thus apparent that full
assessment of the role of control fires in insect pest control

cannot be made until after further detalled investigation.
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heat intensity, frequency as well as the presence or absence of
adaptations to fire in the plant community (e.g. Ashton, 1969).

Under conditions of prescribed burning, there may be no direct
evidence of heat injury to most dominant trees. McArthur (1962)

has investigated in detail the influence of different ievels of

fire intensity on wet and dry sclerophyll eucalypt communities. His
work indicates that a fire intensity range of 13 to 50 B.T.U/ft./sec.
is optimum for acceptable damage standards for most of these

forests. Fire heat intensities above 50 B.T.U./ft./sec. may be

too severe for some of the forest types.

Tree crowns freguently escape damage in fuel modification
burns. The effects on butt degrade is not very clear and opinion
varies on the extent of damage caused by prescribed fires (Henry,
1965 ) . Various studies have shown that annual tree diameter
increase is stimulated by control burning (e.g. Henry, 1961).

Yet, it appears that burnt sites do not always stimulate growth
and in some instances initial annual increments after control fires
have been later reversed (Floyd, 1966). In a 12 year annual burning

study, ‘the annual diameter increments of Eucalyptus maculata on

burnt land were significantly higher than those of control trees
during the first five years. Subseguently, there was a decline

in increment and total diameter increment for the 12 year period was
found to be greater on the unburnt land {Queensland Forest Dept. 1964)

In the jarrah (Eucalyptus marginata) forest type of Western

Australia, fieldwork indicates that successive light burns have no

significant effect on growth rates (Harris, 1956). A fire heat
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intensity of 11 B.T.U./sec./ft. had no marked effect on a pole-

sized stand of Pinus pinaster during the first two years after a

control fire (Forest Dept. of Western Australia, 1969). In North
America, reports indicate that most prescribed burning in older
stands of loblolly pine (Pinus taeda) cause no girth losses,

even under freguent burning, so long as there is little or no needle
scorch (Lotti, 1960). If a tree survives after its foliage is
scorched by fire, however, growth losses frequently follow. A
slash-disposal burning experiment under a North American Pinus
taeda stand showed that height growth of trees is more sensitive

to foliage scorch than is diameter growth [McBulley, 1950). A 30
percent needle scorch caused no significant loss in diameter growth
to seedlings of this species three years after a control fire, while
height growth was remarkably poor. Among the eucalypts, loss of
annual growth increments due to crown scorch occurs more freguently
in the fire-sensitive species [McArthur and Cheney, 1964). Young
eucalypt regeneration up to 15 feet high may be severely affected

by prescribed fires. During the first year of growth, seedlings

of Jjarrah (Eucalyptus marginata) are commonly not fire-resistant

(Harris, 1956). These seedlings are thus killed by even the lightest
fire. With the development of lignotubers, however, resistance

to fire is built up by the age of about three. Seedlings four

years of age and older can readily recover from most light fires.
Similarly, most seedlings of pine in their cotyledon stage and during
their first two years of growth, are easily killed by light fires

(Langdon, 1971).



29

Like tree seedlings, herbs and shrubs are liable to
destruction by all forms of fire due to their low stature and small
stems (Ahlgren and Ahlgren, 1960; McArthur, 1969). However,
some fire-adapted species may coppice freely after fires. For
example, in the high rainfall areas of Victoria, the ground species

“%Xtherosperma moschatum is fire prone and can be eliminated by fires

whereas Nothofagus cunninghamii in the same community coppices

readily after burns [Ashton, 1969).

2.4.2 Effects on soils

Fire creates a complex of changes in forest soils through
physical, chemical and biological means (Davis, 1959). These
changes in soils may cause a whole seguence of effects. The
various effects are highly interrelated with each other and with the
total site effects induced by the fire. For descriptive purposes,
the effects of control burning on forest soils, although inseparably
interrelated, are discussed below in their physical, chemical and

biological aspects.

Physical effects :

So0il heating - The heating of the surface soll layers

is an immediate and direct result of all forest fires. The mineral
soil will be heated to a greater or lesser extent depending on

the type of fire (Humphreys, 1966). The influence of heat on large
volumes of soil is important mostly in fires of considerable

intensity and duration. The high percentage of moisture in the
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mineral top soil and duff layer, which is part of the prescriptions
for control burning, helps to retard the conduction of heat down

the soil profile (Beadle, 1940; McArthur, 1969). It has been
remarked that:greater heat energy is required to raise the temperature
of moist soil due to the extremely high specific heat of water
(Kohnke, 1968). In area control burning, the mineral soil is

little exposed to prolonged high temperatures, especially where the
forest fuel is relatively fine thus ensuring rapid combustion

(Hatch, 1959; Scotter, 1970). Among the early forest fire temperature
studies is the work of Heyward (1938) conducted in a diversity of
naturally occurring fuel types of North American longleaf pine
forests. In this study, temperatures over 200°F [9300.) were
infrequent at a soil depth of & to % inch below the mineral soil
surface. The majority of the-temperature recordings ranged between
180°F (66°C.) and 178°F (79°C.). These temperatures generally
persisted for 2 to 4 minutes only, after which they declined rapidly.
In the same study, soil temperatures at the % inch depths were much
lower. Only slight increases in temperature were recorded at a

depth of 1 inch from the mineral soil surface. Alsoc Beadle {1940),
while studying forest fires in the central coastline of New South
Wales, recorded soil surface temperatures ranging from 81°C. to

21300. At a depth of 1 inch from the mineral soil surface temperature
hardly exceeded 67°C. On the other hand, Cromer (1970), while
burning thick piles of eucalypt logs, recorded soil temperatures

above 200°C. within the top 1% inches of the mineral soil. In the

1% to 3 inch layer, temperatures ranged between 100°C. and ZODDC.,

while 50°C. to 1ODDC. were recorded in the 3 to 12 inch layer.
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Generally, soil surface temperatures continue to be re-
latively higher for some period following a burn (Daubenmire, 1968;
Lutz, 1956). Fire apparently affects post-burn surface soil
temperatures indirectly through the removal of vegetation and
litter that had previously intercepted much of the direct heating by
sun rays [Scotter, 1963). It is also believed that increased
light absorption by the blackened soil surface due to deposits of
charred organic material and charcoal fragments partly explains
the higher post-burn soil temperatures (Lutz, 1956). Under mature
Jjack pine and black spruce forests in North America, soill temperatures
on recently burnt land averaged 10.5°F higher at 1 inch depth, and
9.7DF. higher at 3 inch depth, compared with the temperatures in
the soils of adjacent unburnt land (Scotter, 1963). These difference
in temperature declined with increasing time after the burning

treatment.

Effects on mineral soil fractions - Temperatures associated

with light fires are often not high enough to cause significant
changes in the properties of mineral soil particles (e.g. Ralston,
1971) « The heat from more intense fires can, however, cause
marked changes in the structure of soil clays as some of the
outstanding properties of soil colloids are probably related to the
presence of water of hydration. Thus, heating a soil sample to
excessively‘high temperatures can destroy its colloidal properties
(Puri and Asghar, 1940). Evidence by Kohnke (1968) shows that

temperatures between 15006. and ZBDDC. can drive off water that is
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strongly absorbed between adjacent micelles of montmorillonite
clays. At a temperature of SSOOD., this group of clays as well

as the kaolinites lose hydroxyl ions that form part of the crystal
structure of clay minerals. Loss of gums and fine humic materials
binding soll aggregates together is also apparent at this tempera-
ture. Ralston (1971) remarked that loss of structural water may
alter the shrinking and swelling properties of montmorillonite clays
to the extent that heat-treated clay aggregates may have soil
moisture properties similar to those of sand. Again, Puri and
Asghar (1940), while working with black cotton soils of 56 percent
clay content, demonstrated that above the temperature of 4DDOC.,
the so0il loses its plasticity and has properties similar to those

of coarse silt or sand.

Effects on soil porosity and infiltration rate — Altera-

tions in total porosity and infiltration rate of soil mostly depend
on the intensity of fire and the amount of forest floor that
remains after burning. Increases in soil macro-porosity and
infiltration rate are reported after prolonged soil heating [Scott
and Burgy, 1956). In a soil heating experiment with soils derived
from shale, these workers found that temperatures of 100°C. and
SODDB., maintained for 85 minutes and 30 minutes respectively,
significantly increase infiltration rate. In the same experiment,
however, data for soil samples derived from basic igneous .rock
failed to indicate similar results. Other studies have shown

reduced porosity and infiltration rate where the mineral soil
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surface is completely stripped of cover [Stone, 1971; Tarrant,

1956 b). A severe slash burning experiment in a North American
ponderosa pine forest demonstrated that the reduced porosity and
infiltration rate are greatest in the upper 2 inches of the mineral
soil (Fuller et al., 1955) . It was suspected that the beating
action of raindrops on the exposed soil surface after fire partly
explains these effects. Freguently, when the surface organic soil
horizons are not completely consumed by fire, changes in porosity
and infiltration rate are too small to be detected. Thus, for
coastal plain forest soils in North America, Metz et al.,(1961)
reported unchanged pore space and infiltration rate after ten years
of annual burning. Under a radiata pine stand in eastern Australia,
a control fire of 18 B.T.U./sec./ft. heat intensity had no
significant effect on infiltration rate of the soil (Gilmour and

Cheney, 1968).

Effect on water holding capacity of soil - It is generally

agreed that soil organic matter improves the water holding capacity

of soils (Kohnke, 1968; Neal et al., 1965). Hence it becomes

evident that the effect of burning on the water holding capacity

of soil is largely influenced by the amount of Qrganic matter

consumed by the fire. In a slash burning stud} in North America,
Austin and Baisinger (1955) reported a 33.7 percent decrease in moistuq
holding capacity of the soil immediately after the burning treatment. |
Neal et al., (1965), while studying soil physical, chemical and

microbiological changes associated with slash burns, noted that
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the water holding‘capacity of burnt land was lower during the first
one year after the burning. The decline in moisture holding
capacity was related to increasing heat intensity. A single fire
of relatively low intensity had no marked influence on the ab-
sorptive and retentive capacities of the soil for water (Beadle,

1940) .

Effect on surface run—off and erosion — The soil surface

laid bare by burning is subject to water run-off and soil erosion
by heavy rains or strong winds. Run—-off and erosion are generally
associated with severe fires (Fuller et al., 1955 ). The extent
of surface run-off after burns is closely related to topography
and the rate of vegetal recovery (Daubenmire, 1968). Generally,
the steeper the slope and the longer the interval between burning
and vegetal re-establishment, the greater the likelihood of run-off.
It is also known that run-off and soil erosion characteristics of
hilly areas are related to the ability of the soil to absorb water
(Scott and Burgy, 1956). Field studies indicate that prescribed
fires could cause little or no soil loss (e.g. Gilmour and Cheney,
1968) although soil loss could be very substantial after fires of

4

very high intensity {Sampson, 1944).

Chemical effects of fire:

The effect of burning on soil chemical properties stems
largely from the release of minerals in plant ash as well as changes

in microclimatic conditions following fires (Davis, 1959). During
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the combustion of forest fuels much of the nitrogen and sulphur

are volatilised and lost in smoke (Daubenmire, 1968; Humphreys,
1969). Allen (1964) has pointed out that these losses could be
heavy . Under a loblolly pine stand, loss of nitrogen from litter
and green needles averaged 62 percent after a prescribed fire (De
Bell and Ralston, 1970). Although nitrogen losses by burning are
well substantiated, relatively little is known of the chemical form
in which this element escapes during the process of combustion

(De Bell and Ralston, 1970). ' Nye and Greenland (1965) are of the
opinion that nitrogen is lost to the atmosphere as ammonia, oxides
of nitrogen and gaseous nitrogen. Despite this initial post-burn
loss of nitrogen, it is widely believed that total nitrogen content
is relatively higher on burnt land. Tarrant (1956 c) has noted
that available nitrogen is generally increased after light fires.
Studies by Humphreys (1966) showed that there is an apparent gain
in total nitrogen content of soils heated up to ZDDDC. Above this
temperature, a: sharp decline follows until a very small amount of
nitrogen remains at 500°C. In the same study, the ammonium
nitrogen content of soil more than doubled at a temperature of
150°C. and continued to increase until a maximum value, which was
about seven times the amount in the unheated soil, was reached at

a temperature range of ZSDDC. and BDODC. Above SDDDC. ammonium
nitrogen showed a decline, reaching very low levels at 500°C. Also
Neal et al., (1965), after burning Douglas fire slash, reported
significant increases in ammonium nitrogen content of the soil.

In this study the effect persisted for at least six months before
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a decline. Nitrate nitrogen was also found to be slightly higher
(although not statistically significant) on burnt land.

It has been reported that total phosphorus content of soil
is generally insensitive to light heating. Thus, Humphreys (1969),
in a burning experiment, found that soil heating within the tempera-
ture range of 1DDOC. and 6DDDC. had no effect on total phosphorus
content. In the same study, while organic phosphorus declined to
zero at a temﬁerature of 40008., aluminium and iron-bound phosphorus
contents showed increases. Aluminium—-bound phosphorus increased
more rapidly than iron-bound phosphorus and the former was the major
fraction between 100°C. and 400°C.  Above 400°C., the iron-bound
phosphorus became the more abundant. In the study, calcium—bound
phosphorus also increased with temperature, reaching twice its
original content at 300°C. Presumably, the increasing amounts of
?hosphorus bound to aluminium, iron and calcium were derived Fr?m
the organic-phosphorus destroyed by ignition. It follows that
very high soil temperatures, generally uncommon in most control
burns, will enhance phosphorus availability.

Most studies show that available cations in soils are
increased after burning (Stone, 1971; Scotter, 1963; Tarrant, 1956 c).
Increases in exchangeable potassium, magnesium and sodium are particu-
larly favoured by severe fires (Tarrant, 1956 c). In a land clearing
and burning experiment, Nye and Greenland (1965) reported remarkable
increases in exchangeable cations. The same authors noted that the
amount of nutrients, notably calcium, released on savanna woodlands

after fires are often much less than those on forest land. In a
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laboratory experiment, where samples of treated vegetation were
ignited at various temperatures, Allen (1964) observed that most
of the calcium and magnesium as well as all the potassium were
retained in the plant material at a temperature of 500°C. At
QDDDC., the guantities of calcium and potassium were reduced.

The high conentrations of cations after burning are
subject to losses through drainage and surface run-off since the
mineral nutrients, particularly potassium, are readily soluble in
water (Allen, 1964; Wells, 1971). The rates of nutrient losses
by leaching depend largely on the extent of soil compactness.
Humphreys (1969) remarked that under favourable topographical
conditions, the cations released on heavy-textured soils after fires
could be retained in the cation exchange complex for a few years
after the fire. Immediate leaching losses are common only in
siliceous sandy soils. A sandy soil developed over sandstone
lost much of its potassium and other elements through leaching, while
peat and clay soils retained substantial amounts following burning
(Allen, 1964).

Corresponding to the post-fire increase in exchangeable
cations, there is often a pH rise in the upper horizons of the soil
(Daubenmire, 1968; Jorgensen and Wells, 1971; Nye and Greenland,
1965) . Reduced soil acidity after fires probably results, in
part, from the destruction of unincorporated organic material on
the forest floor (Scotter, 1963). The importance of reduced
acidity after burns was stressed for extremely acid soils in the
tropics (Nye and Greenland, 1965). Reduced soil acidity are

frequently related to more intense fires (Tarrant, 1956 c). Most
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fires of relatively low intensity show little or no pH increase

in the soil (Hatch, 1959; Vlamis and Biswell, 1955). Humphreys
(1966) examined soil nutrient changes associated with forest fires
of various heat intensitites. In this study, there was little or
no pH change in soils heated to 200°C. Above this temperature
samples showed marked pH increases, with the 400°C. and 500°C.
samples showing a complete loss of acidic properties (i.e. pH

values of approximately 7.2 and 7.6 respectively).

The "ashbed" effect - The significance of burning cleared

forest debris prior to tree planting has received considerable
attention (Applequist, 1960; Cromer, 1970; Loneragan and Loneragan,
1964; Pryor, 1963). When the debris of a cleared forest is heaped
into windrows and burned, the residual plant ash forms ashbeds.

It is generally agreed that tree seedlings planted in ashbeds have
remarkable initial and perhaps long-lasting growth stimulus. Tree
response to the ashbed effect is often greater on relatively poor
soils (Prynr, 1963) . A variety of forest trees, including the
eucalypts, the wattles and the pines are known to respond to the
ashbed treatment (Cromer, 1970). There are many suggestions as

to precise reasons for the ashbed effect. Most reports indicate
that the heat effect is of more importance than the ash nutrients
in the production of the ashbed effect (Cromer, 1967; Loneragan and
Loneragan, 1964). According to some workers, mild pre-heating

of soil could produce a growth stimulus comparable to that of heavy

fertilizer application [Loneragan and Loneragan 1964). It has
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been suggested that the elimination of competitive perennial shrubs
with underground reproductive organs partly explains the ashbed
effect (Pryor, 1963). Renbuss (1967) attributed the ashbed effect
partly to the destruction of Actinomycetes by the intense heating of
the soil. These soil organisms are known to produce certain
antibiotics, several of which inhibit seedling germination and root
growth (Brian, 1957). Cromer (1970) related the response largely

to stimulated root growth due to the suppressed activities of competing
s0il organisms and plant pathogens. Another group of workers are
of the opinion that the increased phosphorus availability associated
with excessive soil heating mostly explains the ashbed effect

(e.g. Attiwill, 1962; Humphreys and Lambert, 1965). It was reported

for Pinus radiata that topsoil material transported into windrow

areas during the heaping operation contributed in paft to the increase
in early height growth of the seedlings [Cromer, 1970). It is
probable, however, that excessive removal of topsoil'From areas
between windrows causes a transformation of soil properties. This
may be detrimental to soil fertility due to the destruction of soil
aggregates and the weathering of soil structure in the non-ashbed
areas.

Evidence by Hatch (1964) in Western Australia demonstrated
the outstanding long-term effect of the ashbed treatment. He

reported that a stand of 28 year old Eucalyptus diversicolor on

an ashbed site attained a mean height of 115 feet and a girth at
breast height of 53 inches. These values compared with 50 feet
height and 14 inches girth on control plots. Generally, in south-

western West Australia, the growth of young seedlings of Eucalyptus
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diversicolor in non-—-ashbed areas is so poor that deliberate creation

of ashbeds has become part of the forest regeneration practice
(Loneragan and Loneragan, 1964). Nine years after planting in

ashbeds, a stand of Pinus radiata showed 1.2 to 1.4 times the height,

and over 2 times the volume, of trees compared to non-ashbed areas
(Humphreys and Lambert, 1965). In a similar study, Appleguist
(1960) reported highly significant differences in height growth éf
seedlings of Pinus taeda between burned and unburned plots two

and three years after the burning treatment.

Maximum temperatures reached in the soill during ashbed
treatments are often related to fuel quantity. A burning windrow
of eucalypt logs gave a maximum temperature of 330°C. one inch below
the soil surface and 56°C. at a depth of 12 inches ([Cromer and
Vines, 1966). In a similar study, temperatures remained above
212°F [1DDOC.) for 21 hours at a soil depth of about 4 inches from
the surface (Roberts, 1965). Peak temperatures ranged from 1231°F
(666°C.) just below the mineral soil surface to 233°F (112°C.)
at a depth of 8% inches from the soil surface. Most windrow
burns can smoulder for days, depending on weather conditions
(Cromer, 1970).

Comparable to the ashbed effect is the burning phase of
shifting cultivation. This traditional form of farming, common
in humid tropics and monsoconal Asia, consists fundamentally of
felling a forest undergrowth and small trees; burning the debris;
cropping the land for a few years and abandoning the nutrient-

depleted land for a new site. The former land then follows for
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many years to restore fertility for future re-cropping. Although
this rotational "slash and burn" method of cultivation is wasteful
of forest resources (Curry-Lindahl, 1972; Keay, 1971), its short-
term beneficial effects on soil fertility and crop yields are

remarkahble.

Biological effects of burning:

The major groups of soil- or litter-inhabiting microflora
are bacteria, Actinomycetes, fungi and algae. “Among the soil
fauna are protozoa, nematodes, annelids, arthropods and small
burrowing mammals. These organisms contribute to soil fertility
through their 1life activities, metabolic by-products or their dead
remains.

The influence of soil heating on soil organisms may
be related to environmental and chemical changes that follow burning
(Davisj~1959); Losses of essential food and shelter for ‘populations
of some forest rodents could be catastrophic immediately after fires
(Daubenmire, 1968). Organisms living near the surface of the soil
are often directly affected by fires. In a control burning
experiment, all insects within the litter layer of the soil were
completely destroyed, while insects living in the upper 5 cm of
soil suffered a mortality of 80 to 90 percent. (Bornemissza,
1969) . The lowest temperature that killed insects was 55°C.
This temperature was, however, insufficient to destroy insects

or mites in their developmental stages.
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Field studies have indicated that fires of sufficient
intensity can affect soil microbial populations considerably
(Miller et al., 1955; Nye and Greenland, 1965; Renbuss, 1967).
Meiklejohn (1955) studied microbial changes in a Kenyan upland soil
after clearing and burning. All three sites studied showed a
drop in the population of microflora (determined by direct count)
immediately after the fires. Populations were however back to pre-
burn levels only 4 days after burning on DnB‘DF the sites previously

occupied by black wattle (Acacia decurrens). This site was burned

10 days after 1.32" of rain. Recovery was relatively slow on the
other two sites, apparently due to dry conditions. Wright and
Bollen (1961) produced similar evidence in North America after
burning a logging slash of Douglas-fir.-. In this study the microbial
populations declined markediy immediately after the fire and
approached original levels some 14 months after the treatment.
Renbuss (1967) investigated nutrient changes associated with the
ashbed effect. This worker recorded a maximum temperature of s50°C.
at the soil surface. At depths of 1 inch, 2 inches and 3% inches,
the maxima of 545°C., 365°C. and 210°C. respectively resulted in

a complete kill of fungi and Actinomycetes in the top 10 inches

of the soil. Only about 0.1 percent of the original bacterial
population appeared to have survived the fire. A study by Neal

et al., (1965) showed a significant increase in bacterial popula-
tion six months after a slash burn. This increase was related
significantly to the heat intensity of the fire; lightly-burned

land showed the greatest bacterial numbers. In a scrub burning
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experiment, Miller et al., (1955) reported an increase in bacterial
numbers soon after the treatment, reaching a peak in orie month.
This peak corresponded with the highest ammonium nitrogen level

in the soil. Increase in bacterial populations after burning

are believed to be caused by a combination of factors. These
factors include the stimulating effect of the increased soil
temperatures (e.g. Neal et al., 1965) and increased soil pH
(Biswell, 1972). Furthermore, partial sterilization of soil
frequently eliminates, at least temporarily, certain competing or
antagonising organisms such as protozoa and nematodes, thus ap-
parently favouring an upsurge of bacteria. Recovery rates of
Actinomycetes (Neal et al., 1965; Renbuss, 1967) and fungi (Jorgen—
sen and Hodges, 1971; Renbuss, 1967) after forest fires are relatively
slow. Fuller et al., (1955) have noted that the ratio . of
bacteria to fungl increases in direct relationship with the extent

of burning of the soil duff layer and organic matter.

Other effects of burning:

1. Effects on hydrology

Some workers do not favour any form of burning in mountain
catchments due to the possibility of soil erosion and consequent
threats of flooding and siltation (Costin, 1957). However, it
appears that properly managed prescribed burning will not adversely
affect either the quality Df the guantity of ground or surface
water (Cooper, 1971) . This is particularly likely if relatively

small areas are burnt at a time with burnt areas interspersed
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among protected tracts. According to Bower and Ferguson (1968),
there is probably an advantage to understorey removal in forested
catchments where moisture is deficient. In a North American
hardwood watershed, the removal of a dense undergrowth by cutting
decreased evapotranspiration and correspondingly increased stream
flow (Johnson and Kovner, 1956). Perhaps disastrous post-fire

effects are likely in brush-covered watersheds.

2 Effects on wildlife

Fire in the forest could be destructive to helpless
young of ground-inhabiting forest animals. Likewise, seed and
fruit crops of the current year, forming the food source of some
forest animals, can be destroyed, at least temporarily, by fire
(Stoddard, 1963). There are some forest animals that require dense
climax vegetation particularly for shelter, and burned habitats
may not be desirable (Burbidge, 1973). Other animals which have
evolved in environments where fire is a factor can often persist in,
and probably prefer, fire sub-climax vegetation types. Thus,

populations of Western Grey kangaroos and brush wallabies in the

northern jarrah (Eucalyptus marginata) forests of West Australia

have not been affected by prescribed burning at 4 to 5 year intervals
(Burbidge, 1973). Additionally, burning is known to enhance

browse production by stimulating prolific sprouting from certain
understorey plants. For example, dry season burning of sufficient
heat intensity in some Australian dry sclerophyll forests produces

in time dense undergrowth within which mammals such as rodents
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and wallabies can multiply beyond their original population levels
(Heislers, 1973). The availability of post-fire herbage for browse
is determined by the rate of vegetal recovery. Under a mixed
pine-hardwood forest, two post-burn growing seasons were required
before available browse production exceeded that on an adjacent
unburned area (Dills, 1970). Stoddard {1963) thus points to the
need for unburnt patches distributed over a wildlife land area in
order to ensure alternative feeding ground for animals untii

herbage is restored on the burnt areas.

3. Effect on rangelands

It has been a long-standing practice in many parts of the
world to burn grazing lands for pasture improvement. For instance,

in parts of Great Britain, the burning of Calluna vulgaris heath

has been in practice for many centuries towards maintaining‘the
heathlands in their most productive forms for sheep and game animals
(Kayll, 1965; Miller and Miles, 1970). It has been noted in

North America that some rangelands are rendered relatively un—
productive for grazing with long-term protection from fire [Lewis
and Hart, 1972). Chaparral (scrub) burning in early spring is very
effective in creating conditions favourable for sheep and game
(Biswell, 1954). 1In parts of nofthern Australia, where the beef
cattle industry is based largely on grazing of native vegetation,
freguent burning of the range to provide a "green shoot" is a common
practice (Smith, 1960). In tropical Africa, the fire-conditioned

savanna woodlands are usually burnt by stockmen once or twice a year.



The advantages of periodic burning of pasturelands may
include:

(1) Counteraction of bush encroachment;

(2) PRemoval of the mass of old herbage of low food value so
that stock can crop the new growth easily;

(3) Increase in the quantity of forage;

(4) Improved nutrient levels in forage species;

(5) Fuel reduction, thus limiting the danger of accidental
fires.

Although rational use of fire has a place in range
management, most studies iﬁdicate that too frequent burning often
deteriorates soil fertility. It has been remarked that gentle
topography is more adaptable to the use of prescribed burning than
is rough topography, due to lesser soil erosion hazard and more

uniform condition of ground fuel (Hodgkins, 1958).

4., Effects on outdoor recreation

Outdoor recreational areas, such as National Parks and
nature reserves, are often established with the aim of providing
areas in which examples of the natural environment are preserved
to be enjoyed by visitors (Wilhelm, 1972). Much controversy
exists about the use of controlled fire in recreational areas.
One group of authors remark that fire in the forest can hurt
tourist and recreation activities since visitors are not likely
to enjoy scenery that has been blackened by fire (Papenfus, 1971;

U.S.D.A. Far. Serv., 1964). Other workers believe that in

a6
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habitats where existing plants and animals have evolved with fire
as an integral part of the environment, periodic occurrence of
fire is of vital importance (Klukas, 1972; Perkins, 1971). 1In
some climates, it is well known that fire exclusion over lengthy
periods results in accumulation of extreme quantities of dead fuel
causing a very high degree of fire hazard. Thus, some National
Park authorities strongly advocate programmes aimed at restoring
fire to its natural role in the forest (McLaughlin, 1972; Schuft,
1972).  This introduction of fire however involves a great deal
of initial research in order to determine the way of using the fire
constructively (Aust. Conservation Foundation, 1970). There are
probably many reserve areas where total exclusion of burning would
be highly desirable until a very compelling case for the use of

fire become evident.
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CHAPTER 3

MATERIALS AND METHODS

3.1 The study area

Two different vegetation types were chosen for the present
study, namely: a dry sclerophyll eucalypt forest and a plantation
of radiata pine. The eucalypt sampling area lies about 38
kilometres south-west of Canberra on the Brindabella Road. The
radiata pine sampling area is located in Compartment 172 of Urie— <
Qrra Forest about 3 kilometres to the south of the eucalypt
sampling area (Fig. 1). The two sampling areas lie at elevations
of approximately 2,400 feet (730 m) - pine, and 2,500 feet (760 m) -
eucalypt, above sea level.

At each of the above study areas, five sample plots, each
50m2 were laid down on the basis of apparent homogeneity of
vegetation, topography, aspect and soil type after careful examina-—
tion. The five eucalypt plots were denoted by the letters A,B,C,
D,E and the pine plots by F,G,H,I,J (Fig. 2). All plots were sub-
divided into grids of 10 m. square. At each sampling site the five

plots were within 300 metres of each other.

32 Factors of the environment

3.2.1 Climate
The climate of the two study areas is of a continental

type with warm to hot summers and severely cold winters. Winter
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temperatures are freguently below freezing and snowfall occurs in
most winter seasons, although snow rarely lies for longer than a
few hours.

The meteorological data kept at Lee's Creek Nursery site
adjacent to the pine sampling area were applied for general purposes
to both the pine and the eucalypt study areas since these two sites
do not differ markedly in elevation.

(1) Temperature — The mean annual temperature at Lee's
Creek Nursery for the period 1967 to 1972 is 11.6°C. (SZ.QDF).
The highest monthly mean temperature of 25.3°C. (77.5°F) occurs
in February and the lowest monthly mean of 0.2°C (32.4°F) occurs
in July (Appendix 1).

(2) Precipitation — General aspects of rainfall distribution

and intensity are presented in Appendix 1 where data on mean monthly
rainfall are given for each month of the year over the period 1967
to 1972. The average annual rainfall, based on annual averages
for the six year period, is 39.4 inches (1,000 mm.). Precipitation
in the form of snow is recorded as eguivalent rainfall. It can
be seen in Appendix 1 that the rainfall is subject to considerable
variation from year to year. During the period 1957 to 1972,
the annual average ranged from a minimum of 20 inches (508 mm.) in
1967 to a maximum of 51.2 inches (1,300 mm.) in 1970.

(3) Wind — Although the prevailing winds are easterly,
the study areas are subject to frequent severe desiccating westerly
ana north westerly winds. These latter wind systems may occur at

any time of the year and are an important factor of the plant
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environment. Occasionally, cold southerly winds blow steadily

and strongly for 2 or 3 days in succession.

3.2.2 Soils

The soils of the two study areas belong to the red-
yellow podzolics described in detail by Pryor and Brewer (1954).
This great soil group covers most of the Australian Capital Terri-
tory below an elevation of 3,000 feet (900 m). The occurrence
of the red-yellow podzolics can be correlated with geology,
topography and climate but there seems to be little.or no cor—
relation with vegetation. Within this soil group, profile
morphology varies considerably in regard to the depth of the A
horizon, the sharpness of boundary between the A and B horizons,
the amount of ferruginous concretions and the colour and structure
of the B horizon.

The soils at the eucalypt site are derived from shale
and have predominantly well drained profiles with diffuse to
distinct horizon boundaries and humified A1 horizons ranging in
thickness from 0.5 cm. to 5.0 cm. (Appendix 5). The coarse to
medium granular soil varies from sandy loam in the dark brown A,|
horizon to clay loam in the yellowish-red (5 YR 5/8) to reddish-
brown (2.5 YR 5/4) B horizon. The B horizon has friable to firm
consistence and contains few to many mottles of ferruginous origin.
The A and B horizons extend to a depth of about 90 cm. beyond
which clay pan or weathering material is reached. Stones are
common OVer Some areas. Soils have field-moist a pH range of

4.0 to 5.0.
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At the pine sampling site, soil horizons show more evidence
of podzolization. The dark brown organic AT layer, 2.0 to 4.5 cm.
thick, overlies a bleached A2 horizon which in most cases is a distinct
light gray (5 YR 7/1) or almost white (5 YR 8/1) layer. The
B horizon ranges in colour from pale yellow (2.5 Y 8/4) to yellowish-
red (5. YR 4/6) and consists of very friable silty loam to clay
loam soil with coarse to fine granular structure (Appendix 5).

The B horizon contains a high proportion of mottles (chiefly
Ferruginous) and guartz fragments. The solum extends to a depth

of about 110 cm. Rock outcrops are present on some upper slope

positions. pH of the field-moist soil ranges between 5.0 and 5.5.

3.2.3 Vegetation

(a) Eucalypt area — The tree flora of the open dry sclerophyll

forest is dominated by Eucalyptus dives Schau, E. mannifera Mudie

sub sp. maculosa (R.T. Bak.) L. Johnson and E. macrorhyncha F. Muell.

ex Benth. in that order of abundance (Appendix 2a). The average
height of the dominant trees ranges between 10 and 25 metres and
tree canopy cover ranges from 44.8 to 52.8 percent. Tree form

of the co-dominant Eucalyptus dives is generally poor and some

boles show evidence of past fires — the area having been burnt by
wildfire in 1939 and again control-burnt as a fuel modification

measure in 1956.
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Table 1. Understorey species — Eucalypt plots

Species Family

MAJOR SHRUBS:
Leucopogon microphyllus Epacridaceae
Monotoca scoparia "
Brachyloma daphnoides "
Dillwynia retorta Papilionaceae
Daviesia mimosoides "
Daviesia uliciformis "

Acacia buxifolia Mimosaceae
Hibbertia calycina Dilleniaceae
Tetratheca ericifolia Tremandraceae

MINOR SHRUBS:

Acacia vomeriformis Mimosaceae

Hovea heterophylla Papilionaceae

Hardenbergia sp. "

Hibbertia obtusifolia Dilleniaceae

Lomandra longifolia Xanthorrhoeaceae
HERBS:

Stylidium graminifolium Stylidiaceae

Poa caespitosa Gramineae

Beneath the tree stratum is a relatively well developed
undergrowth. 16 ground species were recorded (Table 1). Details
about the condition of the undergrowth prior to burning are given
in Appendices 3.1 to 3.4.

(b) Pine area — The 20 year old unthinned stand of Pinus
radiata has a closed canopy with 82 to 86 percent cover. The
trees are spaced at 8ft by 8ft (2.4 m by 2.4 m) and have a mean
breast height diameter range of 21cm. to 23 cm. During site

preparation prior to planting the original dry sclerophyll eucalypt
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forest covering this area was felled by bulldozer and chain,
and broadcast-burnt.

The dense canopy of the stand allows little penetration
of sunlight to the forest floor, and ground vegetation is almost
absent. There are scattered occurrences of Australian meadow

grass (Poa caespitosa), Lomandra longifolia and seascnally occurring

low herbs mainly of the genera Cryptostemma and Hydrocotyle.

Values of relative frequency, relative density and percentage of

ground covered are given for these species in Appendices 3.1, 3.2
and 3.4. The eucalypt forest surrounding the pine plantation has
a high diversity of ground species mostly of the genera Melichrus,

Acacia, Dillwynia, Hibbertia, Hovea, Lomandra and Poa.

3.3 Sampling methods and sample preparation

3.3.17 The tree vegetation

Introduction - In the present study, stand composition

is described quantitatively in terms of relative density, relative
freguency, relative dominance, cover and importance value as
defined below:

(1) "Relative density" refers to the number of individuals
of a given species present per unit area. Calculation involves
determining what percentage the actual number of individuals of a
species is of the total number of individuals of all species in the
sample plot.

Thus :

(No of individuals of a sp. )
(No of individuals of all spp.)

Rel. density = x 100
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(2) "Relative frequency" implies the degree of uniformity of
individuals of a species within the sample plot. Relative frequency
is estimated as the percentage of the total number of sampling units
per plot in which a particular species is found.

Hence :

(No_of sampling units containing a sp.) «

Rel. freq. = ( Total No of sampling units

100

Frequency classes of 0 to 20 percent (rare); 21 to 40 percent
(occasional); 41 to 60 percent (freguent); 61 to 80 percent (abundant)
and 81 to 100 percent (very abundant) were used.

(3) "Relative dominance" is indicated by stem basal area
and applies only to the eucalypt area where the stand is composed
of different species of trees. Relative dominance designates
the important species of the stand from-the viewpoint of tree size.
Dominance figures for the various eucalypt species are given on

sample plot basis:

(Total basal area of a sp. )
(Total basal area of all spp.)

Rel. dominance x 100

(4) "Cover" signifies the area of ground occupied by the
downward vertical projections of the aerial parts of the vegetation.
The area of ground covered by a particular plant speciles is
expressed in relafion to the total ground surface. Tree canopy
cover is considered separately from the cover afforded by the
ground vegetation.

(5) "Species importance value" was introduced by Curtis and
McIntosh (1951) as an index of the vegetational importance of a
tree species within a stand. It is calculated by adding relative

density, relative frequency and relative dominance values.
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Sampling of trees — Tree parameters were estimated by the

"point-centred quarter method" of sampling described by Cottham and
Curtis (1956). Procedure: On each plot, 16 sampling points were
arranged at fixed intervals of 10 metres along 4 randomised lines tra-—
versirg the stand. Crossed sticks were used to define four gquadrants
above each sampling point. From a sampling point, the nearest tree
inside each quadrant was measured for distance and diameter at breast
height (debehe)e  The diameter values were used to determine relative
basal areas for the varimus species.

Tree canopy cover was estimated from 125 points per plot
located on 5 randomly placed 25 metre transects. Canopy cover
was expressed for each species separately.

Sampling of ground vegetation - Relative densities and

frequencies of ground species Were estimated from counts in 25
random quadrats- within each plot; Quadrat dimensions were 1m X ‘1m.
Ground cover was determined by means of 25 metre transects each
bearing 100 pointss Determinations were completed for 5 randomly located
transects in the eucalypt plots and six transects in the pine plots.
Above ground biomass of the ground vegetation was estimated from
15 rardomised 1m2 guadrat*positions per plot. Aerial parts of all plants
rooted within the guadrat were clipped at groundnlevel. The flora
clipped for each guadrat was sorted out into species in the field and
baggede All samples were dried in an oven maintained at 80°C. for 24
hours and weigﬁed. Biomass was calculated for each species on plot
basis (Appendix 3.3). Sampling for biomass was carried out twice,
immediately before and soon after burning. This enabled estimation of
the amunt of live fuel consumed by the fire. Subsequent sampling was
omitted as it was likely to interfere with the post-burn vegetal cover

estimetion.
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The above plant samples were bulked, species by species and
sub-sampled by guartering. The sub samples were ground to fine
powder in a Christy and Norris mill to pass a 2mm. sieve and stored

in plastic bottles for nutrient analyses.

3432 Ground litter

Data on ground litter weights are presented in this study
(Appendix 4) by permission of Dr M.Te Tanton. Sampling was by a 31.6cC
qguadrat with an internal area of 1/10 sg. me 40 random samples were

collected per plot at the two sites.

3433 Soils
Spil profile characteristics were examined using a 3 inch
s0il augers 8 auger holes were dug at random positions per plote
Each profile was carefully studied and described in terms of texture,
structure, colour, consistence, stone content and degree of mottling
(Appendix 5). The Munsell book of colour chips.was used to describe
the soil colour; Rough values of soil pH in field-moist conditions
were determined for the top 1Dcm; of soil using Morgan?'s pH kit with a
wide-range indicator 1iquid; For each auger hole, the thicknesslof th
humified A,l horizon and the depth of the solum to hard pan were recorde
Samples for bulk density determination were obtained by
means of & steel corer measuring 10cme. by 10cm; by 15cma With
minimal soil disturbance the corer was driven into the soil by a
heavy hammer unfil the top was level with the minéral soii surface.

The corer with contents was then carefully dug out with a spade.

The ends of the core were trimmed with a sharp knife and the
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contents were emptied into a large plastic bag. The bag was firmly
tied to prevent soil moisture loss by evaporation. Samples

were gquickly weighed in the laboratory and transferred into labelled
paper bags for oven drying for 24 hours at 80°C. They were then
allowed to cool prior to weighing. Bulk density (Db) was expressed

on an oven-dry basis as:

Db = Weight of corer contents
Internal volume of corer

So0il moisture losses after oven—-drying the bulk density samples
were expressed as percentages of the original weights of the corer
contents.

The above bulk density samples were further used for the
estimation of gravel percentage and soil particle density. The
samples were passed through a 2mm. sieve. Roots and charcoal
fragments were removed from the coarse material left over the
sieve and the remaining gravel was collected and weighed. Percentage
gravel was calculated for each soil sample relative to the total
oven dry ngght of the original corer contents. Particle density
was determined on the fine earth material. This Factor'was needed
in the calculation of soil porosity. The procedure is outlined
in Appendix 6.

In order to study changes in soil nutrient elements at
various depths of the topsoil, samples were collected from the
following levels down the profile: 0O to 1 cme.; 1 to 3 cm.; 3 to
5 cm. This was achieved by means of 8 small pits, each about
20 cm.s, randomly placed in each plot. Using a sharp spade and

a steel ruler, the soil samples were taken in blocks from the pits.
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Each block of soil was bagged and labelled to form a sample. All
samples were air-dried in the laboratory and passed through a
2mm. sieve. The fine earth portions were stored temporarily
for chemical analyses.

Separate soil samples were collected for pH studies.
A soil auger, 4.5cm. in diameter and 12 cm. in internal length,
was used. Eight soil cores per plot were randomly sampled into
labelled paper bags. THese were air-dried in the laboratory and

sieved. The fine earth fractions were used for the analysis.

3.4 Analytical procedures

(1) Soil reaction was determined in the laboratory on a 1:2.5
soil:water suspension using a glass electrode pH meter. The soil
suspension was stirred with a glass rod, stoppered and left to
stand for 24 hours in a constant temperature room. The soil
suspension was then well shaken and duplicate deferminations made.
Mean values were recorded.

(2) Total nitrogen and total phosphorus contents of soil
were determined using a Techwicon Auto Analyser. Air-dry samples
were further dried overnight at 80°C. and 0.5000 gs (D.ZODO ge. for
plant material)‘extracted with concentrated sulphuric acid (using
potassium sulphate and selenium as catalysts) at about 250°C.
on a hot plate. Total nitrogen and total phosphorus in the
extract were determined simultaneously by the Auto Analyser by
colometric methods using alkaline phenate and sodium hypochlorite

for nitrogen and ammonium molybdate and ascorbic acid for phosphorus.
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(3) Total amounts of potassium, calcium, magnesium, iron,
zinc and manganese were determined by Atomic Absorption Spectro-
photometer (Varian Techtron Model AAS). Air—-dry samples were
further dried overnight at 80°C. and 0.5000 e (D.ZODD g. for
plant material) extracted with 7:1 perchloric acid:sulphuric acid
solution at a maximum température of ZBODC. on a hot plate, with

15 ml. concentrated nitric acid.

3.5 Experimental burning operations

The experimental burning of the plots was originally
planned for October-November, 1971, but weather conditions were not
satisfactory for a low intensity burn until June, 1972.

Preparation for burning - Prior to burning, fire breaks

about 1m. wide were established around all plots intended for
burning (i.e. eucalypt plots A, C and D and pine plots F, G and H).
On the day of the burn, 40 steel bars treated with thermocolour
crayon lines were randomly placed per plot on the mineral soil
surface to measure fire temperatures. Details of the thermocolour
crayons are given by Smith and Sparling (1966). Table 2 shows
the dates and times of burning of the various plots. The burning
operations were carried out by the Fire Behaviour research brénch
of the Forest Research Institute, Forestry and Timber Bureau.
Ignition - Just before the plots were ignitéd, meteoro-
logical and various site conditions were recorded (Appendix 7).
Small test fires were started in areas adjacent to the plots to
ensure satisfactory burning conditions. Fires were 1lit by mechanical

flame throwers, following a rectangular grid pattern.
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Table 2. Burnt plots - date and time of burning

Plot Date of burning Time of
Number burning
A November 26, 1972 1320 hours
C June 15, 1972 1345 hours
D June 15, 1972 1250 hours
F September 28, 1972 1350 hours
G September 28, 1972 1350 hours
H September 28, 1972 1350 hours
Fire behaviour on eucalypt plots — Plots D and C were

burnt on the same day. Most shrub species burned readily in the
green state along with the dead litter, although ignition of a few

species (e.g. Daviesia mimosoides and D. uliciformis) was poor.

At some spots fire had difficulty in penetrating deep fuel beds.

To ensure a satisfactory burn, particularly on plot D, further
ignition of unburmt patches became necessary. Despite this re-
spotting, burning was patchy on plot D. Flame heights were
generally between 15 cme and 30 cm..on plot D and between 15 cm. and
90 cm. on plot C. On the latter plot, the fire was faster-
spreading due to the almost continuous layer of the very flammable

shrub, Hibbertia calycina, and also greater wind flow. The bark

of some Eucalyptus dives trees, particularly on plot C, were slightly

charred but the tree canopies showed no visible leaf scorch.
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Eucalypt plot A was burnt in late spring. Since burning was
patchy on eucalypt plots C and D, 100 temperature measuring steel
bars were randomly placed on plot A instead of 40 in order to give
a better representation of surface temperatures. Plot A showed
the greatest heat output and the longest duration of heat (Appendix
7). Although burning was relatively intense on this plot, with

flames climbing many boles of Eucalyptus dives trees, no fire spotting

occurred in the adjoining stands. Two trees of E. dives were
burned down on plot A, two on plot C and one on plot D. These
were apparently trees bearing deep fire scars from previous fires.
Stand ccnditionibefore and after burning is given for plot D in
Plate 1« Progress of the fire is shown in Plate 3.

Fire behaviour on pine plots — The pine plots were burnt

in early spripg (Table 2). Bumming proceeded in a relatively
uniform manner (Plate 3) because of the continuous nature of the
forest fuel. Soil surface temperatures were lower compared to the
eucalypt plots [Appendix 7) and most of the lower litter layers were
left unconsumed after the fire (Plate 2). Flame heights ranged
between 23 cm. and 30 cm. on plot G and 30 cm. and 60 cm. on plot He.
The pine trees showed no visible evidence of bark scorch. Due

to the apparent homogeneity of the forest fuel, fire behaviour
characteristics were not recorded for plot F but assumed to be

in the range of data for plots G and H.
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CHAPTER 4

RESULTS

Data analysis

A basic statistics programme developed from that DF
Sokal and Rohlf (1969) was applied to all sample data. The pro-
gramme determined the mean, variance, standard deviation and confi-
dence limits at 95 percent level. All statistical analyses were
also given in sguare root transformations for the purposes of
normalizing the distributions. The transformed statistics were

mostly applied in graphical illustrations.

Experimental burning

Appendix 7 summarizes meteorological and fuel conditions
as well as fire behaviour and fire intensity for the burnt plots
at the two study sites. The fire intensity values are in terms of
the rate of heat energy produced per metreof fire front. This was
calculated after conversion of factors in the formula :
I = Hwr.
Thus,
I = fire intensity in K/Jouteg per sec. per metyeof
fire front;
'H = heat yield in féfj_cutgg per ;g of fuel;
w = weight of available fuel in }#;35@ per square foot;

r = rate of forward spread in (K¥! per second.
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It may be noted in Appendix 7 that the weather and fuel moisture
data for eucalypt plot A provides a contrast to all other burnt
eucalypt and pine plots. A comparison of the two sites indicate
that burning was less intense at the eucalypt site, eucalypt plot A
being an exceptione.

The tree vegetation

The effect of the relatively light intensity burning on
tree diameter growth was apparently slight at both the esucalypt and
the pine sites (Figs. 3a and 3b). Throughout the sampling pericd,

trees of Eucalyptus dives and Pinus radiata showed an uninterrupted

diameter growth rate. At the eucalypt site, the initial mean
diameter at breast height (d.b.h.) for E. dives for all plots was
32.1 cm. This value increased slightly but steadily to 32.9 cm.

at the end of the 18 month period (Appendix 9). At the pine site; 
the initial mean d.b.h. of 21.8 cm. for all plots increased slightly
to 22.5 cm. at last sampling.

Similar to tree diameter growth, the canaopy development
showed only slight changes over the period of the experiment at both
the eucalypt and the pine sites (Appendix 10). Figures 4da and 4b
show trends in canopy cover at the two sites. For the duration of
the experiment, canopy cover fluctuated between 44 and 55 percent
for all plots at the eucalypt site, and 81 and 88 percent for plots

at the pine site.

The undergrowth

The greatest effect of the experimental fire appeared to

have been on the ground flora. Relative to control plots on both
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the eucalypt and the pine areas, ground cover was significantly
reduced immediately after burning (Figs. S5a and Sb). ;Lﬁé follows
that the proportion of bare ground was significantly increased on
all burnt plots immediately after burning. Eucalypt plot A was
reduced in ground cover from 44.4 percent to 6.0 percent, while
plots C and D dropped from 72.2 and 59.8 percent to 15.2 and 19.4
percent respectively in ground cover immediately after burning
(Appendix 11). At the pine site, the sparse cover of vegetation
was completely removed by the fire. This elimination: of ground
vegetation was the result of the uniform spread of the fire (Plate 3).
Post-fire succession of the ground species was very remark-
able at the two sites. Table 3 presents re-establishment trends
at the eucalypt site. The table gives a typical pattern of recovery
of ground species for all burnt plots since post-fire succession
between plots were closely comparable. The observations indicate
that re-establishment of almost all the pre-burn ground species
occurred during the first six months after the fire. Most species
showed a consistent trend of recovery, increasing in most cases to
their pre-burn levels of relative frequency one year after the burning
treatment (Tables 4a and 4b). Figures 6a - 6h give relative
frequency trends for the most widespread ground species at the
eucalypt site. It may be noted that the grass species Stylidium

graminifolium and Poa caespitosa as well as the suckering low shrub

Tetratheca ericifolia were particularly favoured by the burning.

Tt is also evident that the shrub species Leucopogon microphyllus

and Dillwynia retorta which were major pre-burn components of the
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TABLE 3: Re-establishment trends of the ground species -
eucalypt plots
Period
after Observation
burning
3 months (i) The grass species Poa caespitosa and Stylidium
graminifolium sprout from their burnt root
stocks.
(ii) Lomandra longifolia begins to emerge from burnt
shoot bases.
(iii) Tetratheca ericifolia regenerates abundantly
from suckers.
(iv) Fresh shoots develop from the bases of burnt
eucalypt seedlings
4 months (i) Hovea heterophylla emerges. It is difficult
to judge whether this growth is from seed or an
underground organ .
(i1) New shoots of Hibbertia calycina and H.
obtusifolia sprout from the bases of burnt
shoots. .
(iii) Daviesia minosoides shows recovery from bases
of scorched shoots.
(iv) Monotoca scoparia regenerates from burnt shoot
- bases.
6 months (i) Daviesia uliciformis sprouts from burnt shoot
bases.
(ii) Acacia buxifolia regenerates from burnt shoot
bases.
18 months (i) Dillwynia retorta shows signs of regrowth from

(i1)

burnt root bases. This is noted only on plot D
which received a relatively light burn.

One unidentified shrub species, of relatively
rare occurrence, emerges on plots A and C.
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ground flora are sensitive to fire since these species showed little
recovery during the first year after the burn. Despite the rapid
re-sprouting of most of the ground species after the burning treat-
ment, percentage recovery in terms of ground cover was below 60
percent on all burnt plots (Fig. 5a). The precise recovery time
(i.e. the period following the burn after which no remarkable dif-
ference could be noticed between conditions on the burnt and nearby
unburnt areas) could not be determined for the eucalypt ground
species in the present study since the time of the post-fire
observations was relatively short. At the pine site, however, full
recovery had occurred on all burnt plots six months after the burn.

Species of the genera Cryptostemma and Hydrocotyle are likely to

have sprouted from seed. Evidence also existed of pine regrowth
from seed. For the eucalypt ground species, however, there was
no clear evidence of post-fire regeneration from seed during the

entire 12 months after the burning.

Soil physical properties

S50il moisture : Over the 18 month sampling period, soil
moisture fluctuated between 8.6 and 17.2 percent at the eucalypt
site, and 6.7 and 20.4 percent at the pine site (Table 5). Moisture
regimes of all eucalypt plots were slightly low six months after
the burning. This was particularly so for plot C. An increasing
trend was then apparent during the following 6 months. At the pine
site, soil moisture levels in the treated plots F,G and H were

slightly high relative to those of the control plots immediately
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after the burning (Fig. 7b). While the burnt plots showed slight
drops during the first 6 months after the burn, the control plots
showed an increasing trend. Highest levels of soil moisture were
recorded for all plots at last sampling. Over the 12 month post-
fire period there were no significant differences in soil moisture
between burnt and unburnt plots at the two sites.

Soil bulk density: On the two study areas, irrespective
of the burning treatment, the values for soil bulk density remained
almost unchanged throughout the sampling period (Figs. 8a and 8b).
Bulk density ranged from 1.0 to 1.2 on the eucalypt plots and 1.1 to
1.3 on the pine plots (Table 6).

Soil porosity: The apparent uniformity in bulk density
was reflected in total soil porosity which, for all plots, ranged
between 47 and 57 percent at the eucalypt site, and 46 and 55 percent
at the pine site (Table 7). A noticeable drop was ohserved for
burnt plot C at the eucalypt site 6 months after the burning (Fig.
9a). This was followed by an increase during the following 6
months. Burnt plot A decreased slightly in total porosity during
the first six months after the burn while burnt plot D showed a
slight increase during the same period. At the pine site, burnt
plots F and H increased slightly during the first 6 months after
burning . These increases were followed by slight decreases during
the following 6 months. Burﬁt plot G showed the opposite trend by
declining slightly in porosity during the first 6 months after the

burn and increasing thereafter.
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Soil chemical properties

Soil reaction: A characteristic common to both burnt
eucalypt and pine areas was a non-significant decrease in soil acidity
immediately after the burning treatment (Figs. 10a and 10b). Pre—
burn pH values of soil samples from both the esucalypt and the pine
sites were fairly uniform (Table 8). At the eucalypt site, a non-
significent rise in pH was observed for plot C immediately after
the burn, from 4.1 to 4;4. The other burnt plots A and D showed
non-significant increases of 0.2 and 0.1 units respectively immediately
after burninge At the pine site, burnt plot H showed the highest
but non—-significant increase of 0«5 units from pH 5«5 to pH Gale
Treated plots F and G increased by 0.3 units each from 5.3 to 5.6 and
from 5.5 to 5.8 respectively. The higher pH values, although not
statistically significant, were maintained on eucalypt plots A and C
and on pine plots F and H during the first 12 months after the burning.
Eucalypt plot D declined slowly in pH during the first 6 months after
burning while pine plot G declined to pre-burn levels 12 months after
the burn. At both sites, soil pH values were unusually high Tor all
plots at last sampling.

Mineral nutrients: All the mineral elements under study
here were analysed for total contents. A comparison of the
initial soil samples from the eucalypt site and thoée from the pine
site shows that the eucalypt area appears to be richer in dalcium,
zinc, and manganese. Mean differences are, however, non;significant.
Contents of phosphorus, magnesium and iron were fairly comparable

for the two sites (Tables 9a and 9b — 16a and 16b).
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Examination of the initial concentrations of the mineral nutrients
in the top S5cm. of the mineral soil at both study sites indicates
that nitrogen, phosphorus and calcium tend to decline slowly down
the profile while potassium, magnesium, iron, zinc and manganese
are of relatively uniform distribution;

Chemical analyses indicated non—-significant increases .in
potassium and calcium within the 0-1 cm soil horizon immediately after
burning at both the eucalypt and the pine sites (Figs. 11a and 11b;
12a and 12b); These changes were followed by non-significant
decreases in course of the first 12 months after the burn. For
potassium, the non—significant increase was more apparent on the
eucalypt plots; | On the burnt pine plots, the post-burn decline in
potassium was more rapid, particularly for plots F and G which showed
contents at last sampling lower than pre-burn levels; The non—
significant increase in calcium was more apparent on the burnt
eucalypt plots (Tables 12a and ﬁ2b); Changes in the 2nd and 3rd
soil horizons (1—Scm and S—SCm) during the 12-month post-burn period
were also non;significant; at the eucalypt site, potassium levels
in horizon 2 appeared to be lower on plot A 12 months after the burn
while levels appeared to be higher on plots C and D. In soil
horizon 3 of plot A there was a non-significantly higher mean potassium
content at last sampling while plots C and D had non-significantly
lqwer contentse. Levels were non-significantly higher in horizons
2 and 3 for all burnt eucalypt plots 12 months after the treatment.
On the pine plots, potassium levels in horizeons 2 and 3 showed

non-significant increases
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during the first 12 months after the burn but decreased slightly on
plot H (Table 11b). On plot F the mean value for horizon 2 was
slightly lower at last sampling, while horizon 3 had a slightly
higher value. Calcium levels were slightly higher in horizons

2 and 3 on plots G and H during the first 12 months after burning
while plot F showed lower levels.

Fluctuations in magnesium in all horizons did not follow
definite trends (Tables 13a and 13b). At the eucalypt site, there
was a slight increase in the first horizon (0O-1cm.) on plot A
immediately after the burn while decreases were noted in the same
horizon on plots C and D. At the pine site, levels increased
slightly on plots F and G as against a redubed level on plot H.

The other cations iron, zinc and manganese showed slight
apparent changes over the period of the experiment. These changes
were insignificant compared to those on the control plots. The
changes also failed to indicate definite patterns (Tables 14a and
14b - 16a and 16b).

Nitrogen varied very little from original values in the
O—-1cme horizon at both sites immediately after the burning treatment
(Tables 9a and 9b). Slightly lower levels were noted for eucalypt
plot A and pine plot F immediately after burning while eucalypt
plots C and D as well as pine plots G and H indicated slightly higher
levels. Changes in horizons 2 and 3 were similarly slight. A
noticeable change at the eucalypt site was apparently higher levels
of nitrogen in horizons 2 and 3 at last sampling. This was,

however, not clearly evident on the pine plots.
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In all the three horizons studied at the two sites,
phosphorus fluctuated slightly over the period of the experiment
(Tables 10a and 10b). No definite trends were established to

indicate apparent treatment effects.
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CHAPTER S5
DISCUSSION

With the exception of plot A at the eucalypt site, all
burnt plots received burning treatments that could be considered
"mild" enough for a large scale prescribed operation. Examination
of the results presented in this study shows that the light burning
treatment had little apparent effect on the health of mature trees
at both the eucalypt and the pine sites. The uninterrupted diameter
growth trends observed for these trees agree with conclusions by
Woodridge and Weaver (1965). Charring of the outermost portion of
the stem is the most common damage associated with fires of relatively
light intensity, as noted on the burnt plots in the present study.
This damage is probably of little or no harm to the mature tree
except in a situétion where living bark is also charred (Cremer,
1962). Two trees were burnt down on eucalypt plots A and C and
one on eucalypt plot D. This may not necessarily suggest apparent
degrade to trees since deep fire scars were common on most butts
prior to the burning. However, insofar as fires affect the distri-
bution and availability of nutrients, they may be expected to in-
fluence the growth rate of vegetation, ahd periodic fires are
likely to depress plant growth on sites marginally deficient in
major soil nutrients.

The majority of the understorey species at the egcalypt

site showed resistance to the burning, and appear to be especially
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suited to an environment in which fire is an important factor. With

the exception of two species (Lewucopogon microphyllus and Dillwynia

retorta) post-fire sprouting was remarkable for all species within
the first year after burning, although ground cover was not restored
during this period. The ability of an undergrowth to survive burning
is of fundamental importance to erosion control and ecosystem
nutrient cycling. In the present study, the post-fire recovering
ability of the ground species may emphasize the potential threat

of fire use in the control of undergrowth in some situations. At
the same time, this ability of post-fire re-establishment may suggest
the possible application of fire in managing vegetation for the
benefit of wildlife. Most of the ground species appear to bear
underground vegetative organs of reproduction. This ensures

rapid post-fire recovery since there is a fully developed root system
containing food reserves readily available to the young developing
shoots. A relationship appears to exist between the intensity of
burning and the rate of post-fire re-establishment of the ground
species (Figs. 6b — 6h). For example, this rate was greatest on
eucalypt plot A, which received the hottest fire, compared with
eucalypt plots C and D. There was no clear evidence to suggest

that the burning stimulated growth from seed at the eucalypt site.
This appeared surprising since seed dispersal was possible from the
adjoining stands onto the burnt ground. Similarly, it has been
noted in foothill eucalypt forests in west-central Victoria that,
although most plant species that are burnt by light spring fires

produce new shoots in the first month after burning, successful
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seed germination is often delayed until the subsequént winter and
spring (Heislers and Hodgson, 1970). The recovery rate of ground
species at the pine site was more rapid compared with that at the
eucalypt site. This, however, appears to be of no permanent im—
portance as long as the canopy cover of the pine trees remains
closed. Regrowth of annual herbs and pine seedlings was from

seed and the rapid post-fire recovery might reflect improved seedbed
conditions in contrast to the previous condition, where fallen or
dispersed seed could not contact mineral soil.

The data reported in the present study indicate only
slight changes in the soil physical properties considered. Lack of
substantial difference in soil moisture regimes between burnt and
unburnt eucalypt plots six months after the burning indicated that
there was no remarkable difference between soil moisture loss by
evapotranspiration and that by direct evaporation from the bare
ground despite the open canopy situation. This does not seem
consistent with the finding by Zahner (1958) that hardwood under-
storey species can contribute significantly to soil moisture loss.
At the pine site, however, while burnt plots F,G and H showed
apparent declines in soil moisture six months after the burn, control
plots I and J increased slightly in moisture content over the period.
This suggests the possibility of greater soil moisture losses from
the burnt plots presumably due to the part removal of the original
litter mat by the fire - a situation likely to enhance evaporation

in the top soil.
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Soil bulk density showed non-significant changes throughout
the oeriod of the experiment, although it is reported in other studies
that this soil property may be significantly reduced after light
fires (Tarrant, 1956b). Similar to soil bulk density, soil total
porosity was not influenced by burning at the two sites. The work
of Scott and Burgy (1956) illustrates that changes in soil porosity
occur mostly after prolonged soil heating. It has also been
remarked that total removal of the forest floor is an important
factor contributing to post-burn changes in soil porosity (Tarrant,
1956h )

| Results of soil pH analysis indicated non-significant
increases on all burnt plots immediately after burning. There was
a tendency for the pH levels to decline during the first six months
after burning. The unusually high levels of pH noted for all plots
12 months after burning at both sites appeared to have been caused
by physical site factors. For example, soil moisture regimes were
higher at the two sites compared with previous sampling levels.
Cons:dering the heat intensity values for the burnt pine plots F, G and
H and those for the burnt eucalypt plots C and D (Appendix 7), it may
be obsérved that the apparent pH rise was related to ihcreasing heat
intensity as suggested by Humphreys (1966). However, the data for
burnt eucalypt plot A renders this inconclusive, With the most intense
fire on this plot corresponding with a relatively low pH rise.

The influence of burning on soil nitrogen content is of

particular importance because this mineral contributes significantly
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to s3il fertility. On all burnt plots, changes in total nitrogen
contznt over the period of the experiment were non-significant; at
both sites, while some plots showed lower contents of nitrogen in
the top 0-1 cm horizon immediately after the burning, others showed
apparently high levels. This inconsistency may partly be explained
by mtural site variability both between and within plots. For
burnt eucalypt plots A and C as well as burnt pine plot H, chemical
analysis indicated peak nitrogen levels in the topmost 0-1 cm soil
horizon 12 months after burning (Tables 9a and 9b). Peak nitrogen
levels were also apparent in_the lower horizons, 1-3 cm and 3-~5 cm,
for all burnt eucalypt plots 12 months after burning although this was
not true for the burnt pine plots. Since these changes were
statistically non-significant, they do not suggest stimulation of
the activities of soil micro-organisms as evident in other studies
(esgs Miller et. al., 1955).

Throughout the period of the experiment contents of phosphorus
showed non-significant changes, indicating no response to the burning
treatment. Other workers have reported similar results, for
exanple Humphreys (1969) who concluded that soil total phosphorus
is ot affected by heating within the temperature range of 1DODC
and 500°C. Even organic phosphorus is not completely volatilized
by burning until a temperature of about 400°C is exceeded,

| The non significant gains in contents of.potassium and
calcium in the top 0-1 cm horizon after burning failed to support
the work of Scotter (1963). Potassium accumulation in the lower
horizeons due to the burning was not significant at both sites to

reflect probable gains from the topmost horizone.



Post-burn release of calcium was considered more probable
at the eucalypt site where the burnt undergrowth was likely to
contribute to this (Appendix 8). However, post-burn increases were
non-3ignificant at the two sites.

Of all the cations considered in the present study, iron
had the highest concentration in soil samples from the two sites.

Throughout the experimental period, fluctuations in iron content were
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non—-significant and did not follow definite patterns. Similar changes

were noted for zinc and manganese with no evidence of treatment
effect.

It seems clear from the present study that field experiments
on the effects of prescribed fires on forest ecnsyétems are difficult
to. conduct due mainly to' natural inherent variabili%y between, as
well as within, plots. The combined effect of a particular burn
may e nor—significante. Coupled with this, local site factors may
exert considerable influence on potential fire effects to make general
predictions very unreliable. However, if area fuel modification
burning is to achieve its objectives, reliable predictions of fire
effests are necessary. Following are>some observations that have
becone apparent from the present study:

(1) Losses of mineral nutrients at each burning time in a
prescribed burning programme may be non-significant but
these losses are likely to accumulate to significant pro-
portions after several fires. This apbears particularly
true for volatile elements such as nitrogen and sulphur.
Although in the case of nitrogen most of these losses may be
compensated for by increased activity of soil microbes after

burning, stability of this nutrient supply to vegetation is

likely to be disrupted, at least temporarily, after each burn.



(2)

(3)

(4)
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Losses in mineral cations from the ecological system under

the influence of windblow, water run-off or leaching may

also reach remarkable levels after several periodic fires.

The non-significant changes in the soil physical properties

of bulk density, porosity and moisture relations may develop
to significant levels after several years of prescribed
burning treatment. These physical properties are largely
influenced by the extent of organic matter removal at each
burn. Hence there appears to be the need to ensure retention
of residual forest floor material during each burning.

There is the possibility of erosion as a result of perilodic
exposure of the forest floor to direct impact of raindrops.
Although detailed hydrological aspects were not investigated
in the present study, visual observation of the burnt plots
revealed evidence of dispersion of the accumulated ash

during the first 6 months after burninge This was particularly
notable at the eucalypt site where open canopy conditions
allowed rain to fall directly onto the forest floor. This
observation may suggest the possibility of more serious
consequences on steeper slopes and the likelihood of soil

loss from the mineral top soil.

The problem of interrupting the life cycles of micro- and macro-
litter—dwelling insects has been mentioned by several

critics of prescribed burning. Destruction of these

organisms by fire, although of a temporary nature; can
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upset organic matter accumulation and decay rates markedly,
hence affecting the supply of hutrients to vegetation.
However, at both the eucalypt and the pine sites, the
experimental fires failed to induce violent fluctuations

in the stability of litter fauna (Campbell,* 1973).

In any large scale prescribed burning treatment, there

could be delays in restoring food and habitat for some

large forest animals and some litter—-dwelling animals.

These organisms exist and operate in the forest as important
components of the ecosystem. In order to ensure continuing
survival of these fauna, there appears to be the need to
select burning seasons which have climatic conditions
favouring rapid regrowth of vegetation after each prescribed
burnings. In this regard, the spring season appears most

desirable for wildlife habitat—-improvement burns.

Campbell, A.J. (1973). The effects of prescribed
burning on surface active invertebrate fauna in pine

and eucalypt forest within the Australian Capital
Territory.

BeSc«(For.) Hons. Thesis, Australian National University,
Canberra.



SUMMARY AND CONGLUSIONS

Te An investigation was carried out into the effects of
prescribed burning on two distinct forest ecosystems; namely, a
dry-sclerophyll eucalypt forest and a plantation of radiata pine.

2a Pre~burn conditions at the two study sites were evaluated
within five 0.25 hectare‘sample plots.

3 - Prescribed burning was carried out experimentally on three
plots at each site, while the unburnt plots served as controls;
Except for one eucalypt plot that received a late spring fire, all
burnings were comparable to "normal" mild prescribed treatments.

At the eucalypt site, the heat intensity range of B3 to 107 KJ/sec/m
(24 to 31 BeTeUs/sec/ft) for plots C and D was within the optimum
limits set by McArthur (1962) for acceptable damage standards in
commercial eucalypt forests. The late spring burn of eucalypt

plot A showed an intensity of 678 KJ/sec/m (196 BaT.U./sec/ft) which
exceeded McArthur's upper infensity limits for acceptable damage
standards. At the pine site, heat intensities ranged between 114
and 156 KJ/sec/m (33 to 45 BeT.Us/sec/ft) for all burnt plots.
Forest fuel was significantly reduced under all stands as a result of
the burning.

44 The prescribed burning treatment had marked temporary
effecis on undergrowth'species but caused no significant degrade to
mature trees at the two sites.

5. At the eucalypt site, failure of the major shrub species
to reach their pre-burn levels of ground cover during the first one
year after burning suggested possible adverse effects from the point

of view of wildlife.

119
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G Post—-burn changes in the soil physical properties of moisture,
bulk density and total porosity at the two sites were non-significant.
Ve Soil pH showed a non-significant increase on all burnt plots
immediately after burning, followed by a non-significant declines

8. Soil total nitrogen was not significantly altered by the
burning treatment.

S. Small amounts of potassium and calcium were released into
the ash by burning. The top 0-1 cm of the mineral soil appeared to
be the zone of maximum accumulation of the released nutrients during
the entire 12 months after the burn. Sample means of contents of
magnesium, iron, zinc and manganese over the period of the experiment
indicated non-significant differences at the two sites.

104 The relevance of the present study to some aspects of
prescribed burning wés briefly discussed.

1M The findings reported in the present study are based on
sample plots and are likely to have some limitations. However,

these Findings may serve to iilustrate probablé effects of large-scale

prescribed burning treatments on the ecosystem factors considereds.
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Eucalyptus macrorhyncha F. Muell ex Benth.

APPENDIX 2: Condition of the eucalypt stand prior to burning -
the growing stock
Mean Rel. Rel. Rel. Speciesf No. of
Plot Species |d.b.h density |freguency|dominance|import—-| stems/
Number Ecé 5 (%) (%) (%) ance ha
i value |](all spp
E. d 30.1 87.5 100.0 70.3 258
A Eom 51.8 1245 18.8 29.7 61
E. ma 0.0 0.0 0.0 0.0 0 319
E. d 33.9 82.8 87.5 78.2 249
B E.m 39.2 172 31.3 21.8 70
E. ma 0.0 0.0 0.0 0.0 0 195
E. d 31.0 100.0 100.0 100.0 300
C Eem 0.0 0.0 0.0 0.0 0
E. ma 0.0 0.0 0.0 0.0 0 240
E. d 32.6 93.8 100.0 89.7 283
D E. m 42.8 6.3 18.8 10.3 35
E. ma 0.0 0.0 0.0 0 328
E. d 32.9 87.5 100.0 82.6 270
E E.m 471 7.8 25.0 15.2 48
E. ma 23.4 4.7 12.5 2.2 19 363
E. d - Eucalyptus dives Schau.
Ee. m - Eucalyptus mannifera Mudie sub sp.
maculosa (R.T. Bak) L. Johnson.
E. ma -




APPENDIX 3.1:

relative frequencies of species

Condition of the undergrowth prior to burning -

123

Species

Relative frequency (%)

EUCALYPT PLOTS:

Leucopogon microphyllus
Monotoca scoparia
Dillwynia retorta
Daviesia mimosoides
Daviesia uliciformis
Acacia buxifolia

Acacia vomeriformis
Brachyloma daphnoides
Hibbertia calycina
Hibbertia obtusifolia
Hovea heterophylla
Hardenbergia sp.
Tetratheca ericifolia
Lomandra longifolia
Stylidium graminifolium
Poa caespitosa
Eucalyptus seedlings

PINE PLOTS:

Cryptostemma sp.
Hydrocotyle sp..

Hardenbergia sp.
Lomandra longifolia

Poa caespitosa
Pine seedlings

Plot
A

60

Plot
F

17
30
0
7
17
7

Plot
B

40
24
32

8
20
12

0
36
16
48

aq

8
80

8
64
20
36

Plot
G

10
27
3
8]
13
7

Plot

C

32
8

ug]
D

(&)} N @
APNOOOPODOOPLPOPRP

—_—

[6)]
\V]

Plot

H

Plot Plot
D D
12 32
24 48
4 16
36 36
40 20
48 72

0 0
44 16
68 36
56 44

8 0

0 4
48 56
24 32
12 12
28 8
40 32

Plot Plot
I J

20 13
33 17
0 3
0 7
20 20

3 7
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APPENDIX 3.2: Condition of the undergrowth prior to burning -

relative densities of species

Species Relative density (%)
EUCALYPT PLOTS: Plot Plot Plot Plot _Plot
A B C D E
Leucopogon microphyllus 1141 741 4.4 1.4 245
Monotoca scoparia 6.6 1.7 0.6 3.3 4.6
Dillwynia retorta 9.7 5.0 14.5 0.3 142
Daviesia mimosoides 5.7 0.5 0.3 3.7 2.6
Daviesia uliciformis 0.0 241 0.3 1141 4.1
Acacia buxifolia 0.0 0.7 0.0 Ve 1041
Acacia vomeriformis 0.0 0.0 0.3 0.0 0.0
Brachyloma daphnoides 3.3 4.1 0.0 4.3 1.9
Hibbertia calycina 0.0 3.8 28.7 11.6 51
Hibbertia obtusifolia 0.0 5.2 3.3 6.2 3.6
Hovea heterophylla 0.0 0.2 0.3 0.3 0.0
Hardenbergia sp. 0.4 0.9 0.0 0.0 0.6
Tetratheca ericifolia 50.9 59.3 44.4 42.8 59.9
Lomandra longifolia 1.8 0.7 0.0 2.8 22
Stylidium graminifolium 4.5 8.0 2.7 1.7 1.2
Poa caespitosa 6.3 1.7 0.3 3.4 1.2
Eucalyptus seedlings 6.0 6.3 4.2 7.1 4.0
PINE PLOTS: Plot Plot Plot Plot Plot
F G H I J
Cryptostemma sp. 8.9 10.2 2142 4.3 2.9
Hydrocotyle sp. 58.6 74.2 60.2 73.4 48.7
Hardenbergia sp. ag.0 0.4 0.0 0.0 0.9
Lomandra longifolia 1.0 0.0 0.0 0.0 0.9
Poa caespitosa 7.2 2.3 13.4 3.9 MM.6:
Pine seedlings 17.5 32.5 16.6 30.1 7.3
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Condition of the undergrowth prior to burning -

above ground biomass of species

EUCALYPT PLOTS:

Leucopogon microphyllus
Monotoca scoparia
Dillwynia retorta
Daviesia mimosoides
Daviesia uliciformis
Acacia buxifolia
Acacia vomeriformis
Brachyloma daphnoides
Hibbertia calycina
Hibbertia obtusifolia
Hovea heterophylla

Hardenbergia sp.

Tetratheca ericifolia
Lomandra longifolia
Stylidium graminifolium
Poa caespitosa
Eucalyptus seedlings

Total Wt.
Wt. per hectare (Kg.)

PINE PLOTS:

Cryptostemma sp.
Hydrocotyle sp.

Hardenbergia sp.
lLomandra longifolia

Poa caespitosa
Pine seedlings

Total Wt.
Wt. per hectare (Kg.)

Species Biomass (to nearest 5 g.)
Plot Plot Plot Plot Plot
A B C D E
590 230 190 235 240
160 190 10 330 460

75 230 495 0 50
75 45 o 710 380
0 95 0 745 185
0 30 5 105 65
o 0 35 0 0
170 200 8] 160 75
0 540 3,000 1,245 340
100 175 35 10 50
20 10 15 5 10
10 8] 9] 20 20
130 100 165 35 55
130 10 10 25 40
40 20 10 5 10
65 50 5 165 40
115 90 130 95 100
1,680 2,015 4,105 3,890 2,120
1,120 1,343 2,736 2,593 1,413
Plot Plot Plot Plot Plot
F G H I J
0 10 0 13 10
10 15 5 10 5
0 8] 0 0 5
0 0 0 0 15
25 10 15 15 35
15 5 10 10 15
50 a0 30 50 85
33 27 20 33 57
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APPENDIX 3.4: Condition of the undergrowth prior to burning -

ground cover

Species

Mean cover (%)

EUCALYPT PLOTS:

Leucopogon microphyllus

Monotoca scoparia
Dillwynia retorta
Daviesia mimosoides
Daviesia uliciformis
Acacia huxifolia
Acacia vomeriformis
Brachyloma daphnoides
Hibbertia calycina
Hibbertia obtusifolia
Hovea heterophylla
Hardenbergia sp.
Tetratheca ericifolia
Lomandra longifolia
Stylidium graminifolium
Poa caespitosa
Eucalyptus seedlings

Total ground cover

PINE PLOTS:

Cryptostemma sp.
Hydrocotyle sp.
Hardenbergia sp.
Lomandra longifolia
Poa caespitosa

Pine seedlings

Total ground cover

Plot

]

rDOPODPOPOOODORDRD D

NN OONODOOOCONOO WL

44.4

Plot Plot Plot

B C D
6.2 6.4 2.4
4.6 2.0 7.4
4.8 11.4 0.2
1.4 0.2 1.8
1.8 0.0 10.2
1.6 0.4 3.2
0.2 0.2 1.0
0.2 0.4 3.8

13.8 43.0 19.4
2.0 0.6 1.2
0.2 0.4 0.2
0.0 0.0 0.0
4.6 3.2 2.4
1.0 0.0 1.8
2.6 0.4 1.2
0.2 0.2 1.0
2.8 3.4 2.6

48.0 72.2 59.8

Plot

m

MhDODRNDNDNDNDDN DN B

N=2>NDO0-2WNNPONDODP,LPOO PR

61.4
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APPENDIX 5:

Soil profile description
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S0IL PROPERTY

EUCALYPT PLOTS

PINE PLOTS

Horizon B: 5YR 5/8

Horizon A,: SYR 7/

Colour to 2.5 YR 5/4 to 5 YR “8/1
Horizon B: 5 YR 7/3 to
5 YR 4/6

Consistence Friable to firm Very friable

Texture Sandy loam to clay 5ilt loam to clay

loam loam
Structure Coarse granular to Coarse granular to
: medium crumb fine granular
Stoniness Gravelly With few gravels
Mottles Few to many Few to many

Horizon dif-
ferentiation

Diffuse to slightly
distinct

Distinct

Depth of humified
layer

0.5 cme to 5.0 cm.

2.0 cm. to 6.0 cm.

Depth to hardpan

20 cm. to 90 cm.

15 cm. to 110 cm.

Field pH
(colorimetric)

4.0 to 5.0

5.0 to 5.5
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APPENDIX 6: Laboratory determination of soil particle density

and calculation of soil porosity

Weigh a long glass vial empty as (Wt.A). Add 10g.
of fine earth and weigh (Wt. B). Add water to the soil, with
stirring to exclude air bubbles, and make up to mark in the vial
(wt. C). Wash away the vial contents, fill ta mark with water
and weigh (Wt. D). Calculate the particle density (Dp) from

the equation :

B - A

® AT - (G8)

Total porosity of soil was calculated from bulk density

and particle density values as follows:
(a) The percentage of the soil solid fraction of the total

so0il volume is given hy X 100%

Db
Dp
where Db = bulk density.

(2) The above percentage taken from the total volume of soil
(i.e. 100 percent) gives the percentage of pore space.
Hence :

(Db

% total pore space = 100 - (50 X 100%
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