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THE EFFECTS OF FIRE ON FOREST CONDITIONS

Foreword

Fire has always been a major, and-at times overwhelming, factor
in the Australian forest environment. .Stands of many of our most
valuable forest trees exist only because of past fires, which have
produced conditions favouring their regeneration. At the same time
fire is the most destructive agency in the Australian forests, and many
hundreds of thousands of dollars are spent annually on measures aimed
at protecting forests from the ravages of uncontrolled fire.

From their earliest days, forest services in Australia have used
fire to fight fire, not only by back burning in the face of uncontrolled
wild fires, but also by a policy of controlled burning: of reducing fuel
over strategic areas by deliberate burning during periods when fire
danger is low and when the fire can be readily kept under control.

In recent years knowledge and, understanding of the factors
influencing fire have greatly increased, and it is now possible in many
areas to forecast with considerably accuracy the manner in which a fire
will behave under various conditions of fuel intengity, weather, and so
on, This has led to the development of prescribed burning, a refinement
of controlled burning, in which programmes of hazard reduction are
carried out in such a way that damage to the area burnt can be kept to
a very low, and previously prescribed, level.

This distinction between the old controlled burning and the more
recent prescribed burning practices deserved stressing, for the two are
often confused. The former was purely a fire-hazard reduction measure,
and over the areas burnt the result was not infrequently akin to that
expected from wildfire. In effect, a deliberate, if at times unrealized,
loss was being incurred as an insurance against a possible much greater
loss at a time when a fire would be more difficult to control.

By contrast, in prescribed burning the fact that fires cause damage
is readily acknowledged, and the effort is made to restrict this damage
to the lowest paossible level commensurate with the aim of reducing fire
hazard over parts of the forest,

Even though it is generally accepted that even a light prescribed
burn often, and perhaps always, causes some damage to the forest, there
is a notable lack of information on the extent and nature of this damage,
and the manner in which this damage varies under different burning
conditions. Against this, fire may also have certain beneficial effects
quite apart from the obvious benefit of offering protection against a
later, and more severe, fire. It may, for example, eliminate certain
insect pests, or assist in the control of certain weed species in the -
forest, or maintain a more receptive seed bed for the regeneration that
will be later required, or favour herbage for the grazing of livestock.

It is clearly imperative that these various effects of fire in the
forest should be properly understood and evaluated, for the information
is basic to any efforts to place the whole policy of fire control in State
forests, and in other forested lands, in a sound position both biologically
and economically.
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Because of the paucity of information on the effects of fire, the
Forestry Commission of N.S., W, gave this question high priority when
it established a fire research programme at the Central Coast Research
Centre, Taree, in 1965. It was apparent at an early stage that this
programme of research into fire effects would require a co-operative
approach, involving workers in many disgiplines. . So that the programme
. could be planned from the start in siich a manner that it would be both
realistic and of the greatest possible vall,.,e, a meeting of appropriate
Commission officers, together with a representative of the Forest
Research Institute, was held at Taree ovey the period 23rd to 25th
November, 1966. A list of the participants at this meeting will be found
in Appendix I. '

The terms of reference for the meeting were to draft a programme
for the study of the effects of fire on forest conditions and tree growth,
with the view to determining what constitutes a safe incidence and
intensity of burning in various forest stands, and what deleterious
effects can be expected when these safety limits are exceeded.

A broad agenda for the meeting was prepared (Appendix II), and
the meeting opened with an introductory paper on the state of present
knowledge on the effects of fire. This was followed by a series of
shorter talks presented by individual officers, each talk dealing with one
aspect of fire effects and being followed by general discussion in which
the aim was to determine which of the matters raised could be included
in thie research programme. The final session attempted to draft all
the suggestions which had been received into a congolidated research
programme,

The papers presented at the Taree meeting form ‘the bulk of this
publication, and they are being reproduced because it was considered
that they represented an excellent summary of knowledge in this field,
and that they Would prove of value to many besides those who were
present.

"Fire Effects' represents an extremely wide field of study, and
there is a real danger that a mass of uncoordinated work could be
undertaken yet not produce the information that is required. Every
effort was made at Taree to avoid this danger. As far as practicable,
the proposed work will initially be concentrated on Blackbutt (Eucalyptus
pilularis), which is the most important indigenous species in N.S. W,
Further than this, much of the work will be concentrated into one stand
of even-aged Blackbutt regrowth on Coopernook State Forest (Manning
River National Forest): it is believed that the conditions in this stand,
which dates from about 1939, will be increasingly typical of the
conditions found in managed Blackbutt forests throughout coastal N.S. W.,
while the site is convenient to the Research Centre and is particularly
suitable for a variety of experimental studies. Some work of more
general applicability will also be undertaken, and certain topics which,
at first sight, appear to have no relation to studies on the effects of
fire have been listed for investigation; these (e.g. methods of measuring
bark thickness and pipe in standing trees) are nonetheless necessary if
the more specific study is to be carried out successfully.

Later, as experience is gained in the Coopernook study, it is
intended that similar studies, possibly less ambitious in scope, will be
commenced in other forest communities.

An outline of the draft programme finally prepared, and subsequently
approved by the Commaission, will be found at the rear of the contributed paper
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THE EFFECTS OF CONTROL BURNING ON FORESTS
By: A.G. FLOYD

A realistic definition of control or prescribed burning would be-the
.:kllful appllcatlon of fire to forest stands of relatively high economic
value under conditions of weather, fuel moisture, etc. that will permit
the conflnement of the fire to a predetermined area with minimal damage
to soil, useful plants and animals.

Unless a cost-benefit analysis is attempted for a particular forest
area, the desirability or otherwise of control burning can be no more
than a personal preference strongly flavoured by irrelevant sentiment.
Where the benefits of control burning (namely reduced wildfire damage
and low suppression costs) exceed the cost and damage of the burn, its
use is justified (Bickford, 1943).

Intangibles such as public reaction must also be evaluated for the
area in question, : '

How much of this information do we now have available? Costs of
suppression and controlled burning can be calculated with some degree
of accuracy and also the frequency of uncontrollable wildfires by
reference to past weather cycles and present preparedness.

The critical information required therefore relates to both wildfire
and control burning damage. We shall only consider further the effect

of control burning upon the biocoenosis of the forest.

1, Effect on Soil and Soil Organisms:

A fierce crownfire near Sydney was found to ralse the soil
temperature to only 133°C at a depth of 1 inch, 100°C at 2 inches depth
and 58°C at 4 inches, privided the soil was moist (Beadle, 1940).

Where the soil was dry at the surface, only the top 1 inch was dried out
by the fire and was raised to a somewhat higher temperature. In the

U S. S R. soil temperature under control burns with a flame height of
11-41 feet was measured (Trutneroand Bylinkins, 1951), The temperature
at the surface was found to be 390 C, and at 1 inch 150°C and only 52°C
at 1% inches depth. Therefore control burns have little temperature
effect below 2 inches depth. The temperature of the soil surface in
Australia for control burns has been recorded at above 250°C on the
Hawkesbury sandstone flora (Beadle, 1940) and 320-450°C on jarrah fire
breaks in Western Australia (Hatch, 1959).

Temperatures of the soil surface after the fire are higher due to
the removal of the insulating litter and overstorey shade and also the
greater heat absorption of the charcoal (Bauer 1936, Lutz 1956, Tyron
1948, and Isaac and Hopkins 1937). In the spruce and jack pine forests
of Canada five years after burning, the 5011 temperature was still 6. 4°¢C
higher at a depth of one inch and by 7.9 OC at three inches in depth
(Scotter 1963). This change may be eigher good or bad, depending on
the climate.

The pH of very poor soils such as around Sydney (Beadle 1940)
and the jarrah forests (Hatch 1959) show no change after light fires.
However, on better quality eucalypt soils (Humphreys, personal
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Phosphorus

The "'total" phosphorus level was quite insensitive to heat within
the range of temperatures tested. The variation in an upward direction
with the higher temperatures (Figure VI) can be attributed to the loss of
combined water and organic material from the soil as the temperature
increased. ‘s
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For forestry purposes it is convement to divide the soil phosphorus
into three categories:’

(a)  the organic P;
(b)  the inorganic "active' P;
(c)  the inorganic "occluded" P.

Of these, the first becomes available to plants showly as the
"organic'' framework decomposes leaving inorganic material in an
"active' form. In acid soils the second is usually present absorbed
onto the surface of hydrated oxides of aluminium and iron, exchangeable
calcium and aluminium ions, and exposed aluminium on the clay
particles themselves. The aluminium and iron combinations dominate.
These are largely of secondary origin, formed in the course of geological
and pedological weathering. The third, the "occluded" P is, as its name
implies, kept out of the reach of plants by being "hidden'" behind a
barrier of hydrated oxide (generally iron oxide). In figure VI what
happens to each of these categories when soil is heated is illustrated.
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Each inorganic fraction generally showed an increase with every
rise in temperature until at 500 C the total of the three fractions Was
approaching the ''total'' phosphorus. ‘On the other hand, the "organic"
fraction declined to zero at 400°C. The 1nd1v1dua1 inorganic fractions
differed somewhat in their rate of increase. The Al - P component,
which was less than the Fe - P in the untreated soil, increased more
rapidly than the other two and was the major fraction between 100°C
and 400 C after this the Fe - P again became the more abundant of
the two. At 500°C both these fractions had increased to more than three
times their original value. The Al - P had almost reached its maximum
value in‘the 300°C soil. This was also the case with the Ca - P which
reached twice its original value in the 300°C soil and was only slightly
greater in the 500°C soil. These increases are very substantial and at
300°C are equivalent to a superphosphate dressing of 10 cwt per acre
(top 3 in. of soil assumed to weigh 10° 1b per acre).

The most likely reason for the increase in "active inorganic P"
the temperature increases is the mineralization of the "organic P'"., A
second source of this increase, particularly at the higher temperatures,
could be the destruction of the hydrated occluding mechanism.

Conclusion

In conclusion therefore it can be said with some certainty that the
overall effect of a fire will be the loss of little nitrogen and sulphur and
perhaps small quantities of ash components if there is a strong wind
blowing. There will be an improvement in the availability of the two
most important soil nutrients, nitrogen and phosphorus. The extent of
this amelioration will be a function of the temperature reached in the
soil. In this respect nitrogen availability will be improved by lower
temperatures than phosphorus. Very high temperatures (unlikely to be
reached in a control burn or bush fire) will cause considerable nitrogen
loss but phosphorus availability will be enhanced.
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SOME ANATOMICAL . AND PHYSIOLOGICAL ASPECTS
OF FIRE DAMAGE TO TREES

By R.K. BAMBER

'-Crowﬁ Damage

' Regeneration by means of epicormic growth is initiated in most

eucalypts in a number of weeks following destruction of the crown by
‘fire. During the period of regeneration after a bushfire the starch
levels in the sapwood of Angophora costata drop rapidly and remain low
until the new crown is fully grown (Bamber and Humphreys, 1965), In
this species the starch levels took approximately 1 year to regain their
former levels. Starch levels in the fire-sensitive species,. Eucalyptus
delegatensis, are quite low, whereas fire -resistant species such as

E. dalrympleana, E. maculata, E. viminalis and A, costata have
moderately high starch levels. It is suggested that the ability to survive
crown damage is related to the starch content of the sapwood in some
species (Bamber and Humphreys, 1965), '

Jacobs (1955) described how the production of epicormic shoots is
associated with the production of gum veing. He mentions also how
epicormic shoots arise from dormant bud strands which extend radially
from the wood into the phloem. Thus the ‘early development of the woody
stem of the epicormic shoot is in the phloem and the shoot can increase .
in size to form a large woody structure which may become joined to the
wood of the trunk. :

The presence of a large woody growth in the phloem would appear
to be a possible source of injury or pressure on the cambium, and in
this manner stimulate gum vein formation.

Water travels from the roots to the leaves in continuous conduits
(Esau, 1965). With the destruction of the crown the upper part of the
conductive system is destroyed and it would appear that, before this
system can become functional, ‘both new wood and root tissue continuous
with the leaves of the new crown must be developed.

Leaves which develop from epicormic shoots must obtain their
moisture through the bud strand extending radially into the sapwood
(phloem) transport being primarily concerned with sugar) and, although
the anatomy of the strands is not known, it would seem that a vessel to
vessel contact between the bud strand and the sapwood does not exist,

Unless the stem of the epicormic shoot can become incorporated
into the vascular system of the trunk, as are the leaves of the crown,
then water conduction to the epicormic leaves will be less efficient than
the crown and may explain why they mostly die.

Periderm Damage

The periderm in eucalypts consist of a layer of thin-walled suberized

cells adjacent to the cork cambium and the phloem, with a layer, several
cells wide, of thick-walled lignified cells on the outside. It is presumed
that the suberized cells function as a water barrier and that the lignified
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cells protect this thin, delicate structure. Small cracks in the periderm
are sealed by means of the deposition of suberin in the adjoining cells
(Chattaway, 1953). '

Any large amount of damage would require the formation of new
periderm and this occurs deeper into the phloem. Jacobs (1955).
considers that the formation of new periderms deeper in the phloem
thins the bark and makes it easier for the cambiim to be over-heated
and killed by fire. ' :

The destruction of the periderm over large areas must also exert
a strong dehydrating effect on the tree, and the production of widespread
gum veins may be a protective response by the tree in which injured
areas would become sealed.

Cambial Dam‘age

Jacobs (1955) considers the chief cause of gum vein formation to
be cambial damage. While it is possible to initiate gum veins by damage
(direct), the possibility should be considered that some gum -vein-
stimulating chemical may be produced, say for example in the leaves,
and then conducted through the phloem or cambium.

The possibility that gum veins may be produced by the cambium
after stimulus by a translocated chemical substance such as a growth
hormone is suggested by the ease with which kino secretion is stimulated
in E. maculata following treatment with 2, 4, 5-trichlorophenoxyacetic
acid applied as the butyl ester (R. Truman, personal communication).

The following account of gum vein formation is based on experiments
described by Skene (1965), in which gum veins were stimulated by cutting
through the cambium.

The first changes in the cambium when gum veins were produced
was a shortening of the cambial initials by means of transverse or
pseudo-transverse division. This occurred at about five days after
injury and the resulting cells were patenchyma-like. Fifteen days from
injury, callus cells were produced by the cambium. and these cells
produced the gum vein. Proliferation of the parenchyma then proceeded
in a number of zones and the cell walls finally ruptured, leaving a
series of longitudinal, anastomosing canals into which kino was secreted.
By 49 days after injury a layer of suberized cells around the inside of
the cavity was detected. Although the final stage of the gum vein is the
lignification of callus-like cells between the canals, this was not detected
92 days after injury. The cambium reverted to normal wood production
28 days after injury. The reversion of the cambium to the production
of wood cells was very abrupt.

Suggested Experiments

On the basis of the above comments the following experiments are
suggested for consideration. Experiment 1: To determine the effects of
crown damage and subsequent regeneration on starch levels and the
relationship of starch levels and survival.
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Wood samples to be taken from the sapwood with the D, W, T.
sampling machine shortly after crown fire and at two -monthly intervals.

Starch content of the samples to be

determined by chemical analysis.

Experiment 2: To determine whether crown damage in the absence of
-damage produces gum veins through the probable agency of growth

hormones.

Ideally several small trees would be pruned or lopped free of
branches and then felled after a period of three months. Discs should
be taken at various levels and examined in the laboratory for evidence

of gum veins.

Experiment 3: To determine the degree of injufy to the phloem and
cambium required to produce gum veins. ‘

The following injuries to be made to the phloem:

(a)  Cuts at various depths.

(b) Punctﬁ.res of varying diameters to the depth of the

cambium.

- (c) Shallow injuries to the periderm of various different

areas.

After a period of three months the phloem, cambium and sapwood in
the vicinity of the injuries to be examined.,

Experiment 4: To determine whether the swollen stem of advanced
E. pilularis seedlings is a storage organ,

Anatomical examinations of the swollen stems by means of

standard botanical techniques.
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MICROBIOLOGICAL EFFECTS WHICH MIGHT FOLLOW
FIRES IN FORESTS

By D. HARTIGAN

I believe this subj ect should be considered separately:
(a)  in regard to hardwoods (principally Eucalypts);’

(b)  in regard to softwoods (principally Pinus).

‘Eucalypts

A good deal is known about the effects of fire on eucalypts from
the practical point of view.

This relates to (a) the protection afforded by different types of
barks (b) the regeneration from epicormic buds (c) the regeneration by
coppicing and from ligno-tubers and (d) the enhanced germination of the
seed of native species including eucalypts themselves.

Rather less is known about the effects of fires on the litter in
Eucalyptus forests, or the incidence of heart and butt rots following
injury sustained in fires.

In eucalypt forests the amount of litter or "slash' deposited annually
is measured in tons per acre. Yet it is so readily broken down by natural
agencies that it rarely amounts to more than a few centimetres in thickness.

Penfold (1) comments that 'little is known of the microfauna, fungi,
etc. associated with the breaking down of the leaf litter on the forest floor
in Australian eucalypt-forests'. The same author quotes a Western
Australia count of microfauna in an eucalypt forest of 103-106 x 108 per
hectare. This included such diverse components as slaters, millipedes,
spiders, ants, springtails, mites, centipedes, termites, etc.

It appears therefore that litter decomposition in Australian hardwood
forests is largely a matter of chewing and mastication by animals in the
first instance and it is only after this has occurred that further conversion
of the organic matter takes place as a result of the action of micro-
organism such as bacteria, fungi, yeasts, algae and protozoa.

Although earthworms are considered unimportant in eucalypt
forests by Penfold, nevertheless in a mixed hardwood forest in Sweden
(3) counts of the order of half a million per acre (depth not stated) are
recorded and other authors have commented on the importance of these
animals in American forest soils.

It would seem very likely that the difference in rate of accumulation
of litter beneath eucalypts and pines is bound up closely with the activities
of microfauna.

Either the microfauna require warmer conditions than they usually
get in upland pine plantations (and there is some circumstantial evidence
for this statement) or pine needles are not so readily available to them
because of inhibitory materials (pinosylvin?).
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Jacobs' comments (2) about the wdy eucalypt slash is decomposed
quickly on the surface of the forest floor, but slowly when covered with
soil; is pertinent to the view that microfauna are the principle agents
involved in the first stage of decomposition.

" Incorporation of litter into soil structure after the préiiminary
digestion by microfauna is essentially a biological process.

Bacteria and fungi are probably the most important agents
concerned but simple counts of numbers per gm of soil before and after
fires is not likely to help much in assessing the effect of fire on goil
fertility. '

The reason for this is that counts fluctuate hourly depending on
énvironment, moisture and so on. So far as bacteria are concerned,
pH, water, temperature, aeration and minerals in solution are likely
to be controlling factors. Burning may actually increase bacterial
numbers, at least temporarily, and calcium exerts a great influence on
numbers. ,

Actually what the forester wants to know about bacteria principally
is the relation at any given time between nitrifying - denitrifying and
nitrogen-fixing groups, because this is the way the growing tree
circulates its nitrogen.

A chemical analysis indicates a N, level, but it does not indicate
what is currently taking place in the soif.

A soil may be potentially fertile but it needs a micro -organic
population to set the cycle of growth in motion.

It may be useful here to quote some American experience (4) with
Ny in forest lands. '

Kozlowsky notes that 30 1bs Ny/acre is accepted by American
foresters as the fraction returned to the soil in litter from hardwoods,
while conifers on the other hand return about 5 lbs Ny/acre less. In
addition, up to 50 years may be required for release of all N, from a
year's slash in Northern Hemisphere (conifer) forests but only a few
weeks in tropical hardwood forests. Only a small part of N, returned
to soil in leaf litter becomes immediately available to vegetation.
Therefore, unless more Ny is continually added to soil, either by means
of fixation in the soil or from the atmosphere, then a serious deficit
will soon build up.

Fungi in soil are concerned more with cellulolytic activity, although
in the case of mycorrhizae in pines there is clearly a nutrient aspect,
especially with phosphorus.

Nothing definite has yet emerged about mycorrhizal relations in
eucalypts and native species generally. but that such associations do in
fact exist is almost certain and the prospects are that most trees support
mycorrhizae of some sort or other.
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It would be convenient it an index of forest soil microbial activity
based on something other than actual members of micro-organisms
could be developed. One thinks of some simple device for measuring
cellulolytic and proteolytic activity, which could be correlated with

-actual populations.

Methods for determining ammonifying and nitrifying capacities of
forest soils have been described. (Hesselman) '

Coming now to the saprophytic invaéive fungi, whose entry into
trees might be influenced by fire damage, I doubt if we have enough
information at this time to make any hard and fast statements.

We know that most eucalypts over 50'years of age have heart rot
in various degrees, but in my experience butt rots are less common in
open eucalypt forests than they are in brush species in rain forests.

With eucalypts most heart rots seem to start in broken roots or
branches. '

I have made only one fairly close study of a heart and wood decay
organism and that was in white cypress pine (Callitris hugelii). This

decay, known as ''yellow doze',, is caused by the fungus Fomes robustus.

It starts most frequeﬁtly in broken branch stubs and spreads up
and down the tree trunk.

Fire damage does not appear to be the only or even the most
important cause of this disorder.

I feel therefore that sporadic light fires are unlikely to be of great
concern to timber production in open eucalypt forests so far as invasive
fungi are concerned. The continued use of prescribed fires might
however be another story particularly as they might affect the physical
condition of soil.

Pines

The problems here are quite different from eucalypts and it
would in my opinion be a mistake to generalize from eucalypt studies in
regard to biological effects which might follow seasonal burnings.

First of all as I have said, the strq_cture' of litter under pine is
different from that under eucalypts due to the different agencies at work.

Decomposition of litter under pines tends to be slower because
there is a greater dependence on the activities of fungi and less on ,
bacteria.

Mycorrhizal associations seemingly are more directly important
with pines than with eucalypts or, to put it another way, there is more
nutrient capital "out in loan" in pine forests at any given time than in
eucalypt forests. Destruction of litter by fire therefore reduces the
nutrient capital very severely in pine forests.
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The recent observation of second rotation decline in pine plantations
ini South Australia, while not necessarily involved with fires, is quite
conceivably tiéd up in the destruction of litter by high summer tempera-
tures with resulting loss of Ny as NH3, an effect analogous to fire and
resulting in a yearly denitrification,

So far as invasive root or butt decay fungi are concerned there is
not much to be said about pine forests in Australia, Common saprophytes
like Polystictus, Trametes and so on attack slash on the forest floor but
‘we have no record of Fomitopsis anhosa in Pinus forests as yet, although
‘we do have a record of this fungus in hoop pine forests in Northern
Queensland.

Rhizina inflata, the "billy-boil'' fungus, is probably present in
Australian forests and could be encouraged by light fires. This fungus
causes group dying of conifers in Europe, and could be serious if
encouraged.

Summarizing

1. I believe that on biological grounds light protective fires are a
feasible proposition in certain eucalyptus forests.

This is because the litter turnover is rapid in eucalyptus forests
and the trees are well protected naturally against fires.
Investigation of the physical changes which occur in soils as a
result of fires is however urgently needed.

If such physical changes result in greater water retention, then
this circumstance might pave the way for attack by fungi such as
Phyvtophthora.

2. I do not believe the conclusions drawn from observation of the
effects of fires in eucalypt forests can be applied automatically
to pine forests. This is because pines have a slow litter break-
down in which fungi play an important part including mycorrhizal
types, and also because pines are not so well protected naturally
against fire damage and are subject to root damaging fungi like
Armillaria and Rhizina, !
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THE EFFECT OF FIRE ON INSECT DAMAGE

By J. BRUCE

A, Introduction

The factors involved in the successful attack of a tree by an insect
are many and complex, and may include such physical agencies as
aspect, soil type, rainfall, altitude, etc. The relative importance and
interaction of these factors seem to be very imperfectly understood.
Fortunately, as they are not likely to be drastically altered by fire,
they can be excluded from this paper.

However, there are other agencies (which seem to be little better
understood) that can be significantly altered by fire, and these, and the
possible effects of fire on them, are discussed below.

It is surprising that so little has been learned on this topic, but
this is probably because fire is not nearly so great a problem in the
older forestry countries as it is in Australia.

It is even more surprising that in those countries where fire is a
problem - notably Australia and America - research into this problem
has not kept pace with research in other branches of forestry. Relatively
speaking, there are quite a few references to work carried out in the
1920's and 1930's, but relatively few over the last twenty years.

B. Factors Necessary for the Successful Attack of an Individual Tree

1. Means of Access

- There are quite a few insects (notably some members of the
Platypodidae, Scolytidae, Buprestidae, etc.) that can attack a living
tree direct through the bark.

There are others that can only enter through wounds. This group
includes the termite, Porotermes adamsoni, which causes considerable
damage to E. delegatensis on the southern tablelands of N,S, W, Greaves,
McInnes and Dawse (1965) state that this species, unlike Coptotermes
acinaciformis of north-eastern N.S. W., cannot enter unscarred trees
from a central colony tree, but must set up a separate colony in each
tree attacked. Entry is generally through a fire scar, and rarely
through a branch stub.

2. Lack of adequate defence mechanisms within the tree
13

It is generally agreed that any injury to the cambium, even a
minute borer hole, can cause the production of kino (or resin) and, if
produced in sufficient quantity, this can effectively stop the attack.

This has been reported by Furniss (1965) in relation to the Douglas
fir bark beetle, and is evident in the Platypodid attack on blackbutt at
Manning River National Forest.

The success of this mechanism depends not only on the amount of
kino the tree is capable of producing, but also on the intensity of the
attack. ‘
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The ability of a tree to produce kino varies between species and
within a species, could well be a genetic factor.

3. Poor tree health

There is a strong school that supports the theory that insects will
not attack a "healthy' tree, but this belief is by no means universal.

If you do accept this theory, you must also accept that "health"
is not necessarily related to external appearance - for dominants and
co-dominants, with apparently excellent crowns and stems, and showing
excellent DBH increments, are certainly not immune from attack. This
.may not be so improbably as it at first sounds.

C. Facto_rs Necessary for Attack of Economic Significance

4, Sufficient concentration of susceptible trees

This is self-evident. An example is the general freedom of red
cedar from Hyphsiphyla attack, and the relative unimportance if such
trees were attacked, when compared to the general, severe attack
experienced by this species when grown in concentration.

5. Adequate insect population

This necessitates either:

i. high population density in the area concerned;
OR
ii. adequate population in the surrounding area, and the
ability and desire to travel to the area;
OR.
iii. the ability to breed successfully under the conditions
experienced.
6. Lack of control agencies

These include:

i. natural predators and parasites;
and
ii. artificial control measures.

D, Other Factors that may be Involved

7. Production of exudates, etc. that may attract insects to the
area,

An example of this is given later.

8. Any other factors that may make the trees more attractive
to the insects. '

This also is expanded later.

L
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E. The Possible Effect of Fire on each of these Factors

1. Access

It is obvious that a fire of sufficient intensity can provide improved
access for attacking insects, by means of:

““fire scars;
cracking of the bark;
dead leaders and branches;
poor occlusion of epicormics;
reduced bark thickness.

Fire scars are possibly the most significant of these effects. For
example in relation to Porotermes attack on E. delegatensis, Greaves
et al. conclude that "given protection from fire, the damage by termites
and decay will be relatively small'. They estimate that in a 45-year-
old stand, volume loss due to termites amounted to only 3.1% in an
unburned area, but increased to 26. 1% in an area that experienced a
moderate fire at age 9. Corresponding losses in revenue amounted to
$3.24 and $31. 80 respectively.

Entry through poorly occluded epicormies in probably not highly
significant, as there is generally a lot of kino associated with them.

Both thickness and texture are probably important in determining
whether an insect can or cannot enter through the bark (e. g. high
incidence of borers in smooth-barked eucalypts compared to rough -
barked). Consequently reduced bark thickness could be highly significant.
Recent studies on Yarratt State Forest indicate that this reduction is a
very long-term effect.

2. Defence mechanisms

It is generally agreed that a hot fire will cause the production of
gum veins in many species. This is probably a good short-term
mechanism against borer attack.

Whether it decreases the ability of the tree to produce kino in the .
event of delayed attack is not known.,

3. Tree health

There are cases where insect attack is obviously related to poor
vigour.:

Hadlington and Gardner (1959), writing on the cypress pine girdler
beetle (Diadoxus erythrurus), state that attack by defoliating insects or
fire, particularly when followed by periods of low rainfall, appear to
be predisposing factors for infestation.

Furniss (1965) states that the attack of the Douglas fir bark beetle
increases with the degree of crown injury, but declines abruptly in
completely defoliated trees. (The latter is probably explained by the
production of "sour sap' - a moist phloem condition - in these trees).




70

Loss of crown is probably the most important fire-induced méans
of reduced vigour.

4, Concer'ltration' of susceptible trees

Apart from considerations mentioned in 1 to 3 above, an increased
concentration of susceptible trees could regult from fire-caused changes .
in species composition, )

- For example, fire could lead to the replacement of a relatively
resistant, non-lignotuberous species by a highly susceptible lignotuberous
species.

5, Insect population

a. Ways in which insect populations on an area may be
increased as a result of fire are explained in 6 and 7
below,

It is worth remembering, however, that a high insect
population density on a fire area can provide a source of
infestation for areas adjacent to the burn. Again, trees
that would not normally be attacked, may be attacked
because of this increased population pressure.

b. Populations may be directly reduced by fire. Following
research into the effects of fire on three species of
phasmids, Campbell (1961) concludes that, under the right
conditions, fire can significantly decrease their populations,
and that this effect can last for'some considerable time.

In a light fire, kill is confined to nymphs and adults on
the forest floor. Eggs and larvae are not significantly
affected unless the litter is burnt down to mineral earth.

6. Natural Control Agencies

Many insect pests are kept to a reasonable level by natural
predators and parasites. Fire can upset this balance, and increases
in pest populations can result.

Hadlington (1956) quotes the hypothetical example of a phasmid
population controlled by a wasp parasitizing the eggs in the forest litter -
the female wasp being wingless. In the event of the area being burned
while the phasmids were in the trees, the parasites could be virtually
wiped out and the adult phasmids virtually unaffected. This could,
naturally, lead to the build-up of the phasmid population to plague
proportions.

Hadlington and Hoschke (1959) concluded that there was probably
a correlation between the 1955-56 phasmid outbreak in the Kempsey
district and the 1951-52 fires.

7. Attraction of insects to the burned area

Studies on the attack of the western pine beetle on fire damaged
ponderosa pine, indicate that fire injury attracted beetles to the burn,
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and that the resulting concentration within the burns lasted for one or
two seasons after the fires (Rust 1933; and Salman and Wohletz 1932).

Miller and Patterson (1927) repor'tedlthat this attraction extended
for a distance of two to three miles outside the burn.

I do not know of any similar, substantlated cases in eucalypts,
but this certainly soes not mean that they do not occur.

8. Other factors

Furniss noted that Douglas fir bark beetles tended to confine their
attacks to fire-blackened portions of bark,

This could be related to 7, in that whatever attracts the beetles to
the area, is probably produced in this zone.

F. The Possible Role of Fire in Platypodid Attack on E, pilularis at ‘
Manning River National Forest

1. General

Blackbutt on several areas of M.R.N. F. is severely infested by a
borer probably belonging to either the genus Platypus or Neoplatypus.

This insect attacks direct through the bark and heads straight
towards the heart for some distance, then proceeds to bore around the
stem in ever-decreasing concentric circles, all workings being on the
horizontal plane. Its ultimate fate is not known.

It attacks at any height on the tree, and with very heavy infestations,
nearly all the timber in the tree may be rendered useless.

There is a decay-causing furigus associated with the borer, but in
cases of severe attack, its effect is not nearly so significant as the
physical weakening of the timber by the closely -knit gallery systems.

Attack is not confined to non-vigorous trees.

2. Some hasty conclusions that have proved either wrong or
inconclusive -

The incidence of this borer was first forcibly drawn to our notice
during logging on compartments 37 and 39, which is part of the "Powder
Keg Burn'' of 1940-41,

It was then remembered that similar attack had been reported
from a part of Jubles Mountain Section that had been burned in another
severe fire in the same season.

It was therefore concluded that attack by this borer was necessarily
associated with severe fire damage. (1)

However, current attack was soon noticed on an area that had
been recently control -burned.
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It was then concluded that even light fires were sufficient to
encourage attack. . (2)

(These two conclusions were, incidentally, drawn by the author.)

More thorough investigations revealed current attack in areas that
had not been burned for about 20 years.

Attack is not necessarily associated with fire. ' ' (3)
In order to study the life -eycle of this insect, gauze traps were

nailed over the entry holes of several trees on compartment 39, This

area was burned in a wildfire a few months later, and subsequent

inspection of the traps revealed no current workings.

It was concluded that fire caused the death ef‘ the borers, and was
. a possible means .of control. , , (4)

Further traps were established in an unburned area and several
months later, theseé did not show any current workings.

Nailing gauze traps over the entry holes causes death of the :
borer. - (5)

3. Conclusions

It is probably unwise to draw any conclusions to date.

It is fairly definite that attack can take place in the absence of fire,
and, in fact, isolated attack seems to be the rule in blackbutt forests in
this region.

It is possible that the unusually severe attack in some areas could
originally have been initiated by severe fire damage,. and that the
resultant high populations have been maintained over the last 25 years.

Areas close to those mentioned have been very severely burned
several years later, without consequent severe infestation.

Much more work is required on this borer, and is, happily,

proceeding.
G. Some Suggested Lines of Research
1. Defect increment

One of the greatest guesses in the management of selection forests
is whether you should remove trees with, relatively minor present defects,
or whether it is safe to leave them for another cutting cycle.

An answer to this problem (or even a reasonable indication) is
wanted urgently.

2. Genetic studies

It is quite feasible that resistance to insect attack is hereditary,
and some studies along these lines should be initiated.
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3. The need for basic entomological research, particularly into
the life histories of our major forest pests, is self-evident.

4, Control measures

One of the most frustrating features of entomological research
must be the inability to recommend effective, practical control measures,-

Further research into control is, of course, needed.
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DRAFT RESEARCH PROGRAMME FOR FIRE EFFECTS STUDIES

Following discussion on the papers that had been delivered, an
attempt was made to formulate the various proposals into a practicable
programme of research. The studies which were considered necessary
fell into six major groups, of which the first contained those studies
which could be carried out in a major and long-term experiment to be
established in a stand of even-aged blackbutt regrowth on Coopernook
State Forest. Other groups were: other large-scale field studies; basic
studies directly related to fire. effects; basic studies indirectly related
to fire effects; simulation studies; and several miscellaneous studies.

A, Coopernook S, F. Experiment (Effects of Fire in Blackbutt Regrowth)

Site: The "70-acre block", containing blackbutt stand dating
from about 1939, Establish 12 relatively homogeneous
blocks, each with an internal 2 x 2 chain growth plot.
Four blocks to be subjected to an autumn prescribed
burning programme on a two-year cycle, four to a
similar programme on a four-year cycle, and four to be
kept free from fire as controls. Treatments to start in
autumn, 1967.

Work required:

a. Tagging. All trees in growth plots to be tagged. Investigate
fire-resistant, non-injurious tagging method.

b. Growth studies. Periodic measurement of stems for DBH,
height, dominance classification, bark thickness, taper and
volumie,

c. Fuel. Characterize periodic distribution, composition,

weight, accumulation rate and moisture content of fuel.

d. Fire intensity

i. | Record rate of spread, flame heights and scorch
heights of prescribed burns. Convert to average fire
intensity (in B Th U per second) at given intervals.,

ii. Record temperatures during burns at various heights
and aspects on selected trees. Also use thermo-
crayons and attempt to calibrate against thermo -
couples.

iii. Record meteorological data (including ambient air
temperature, wind speed and direction) at time of
fire.

iv.  Photograph fires at known times.

e. Understorey. Assess changes by 'three-step method''.
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Soil and litter

i.

ii,

iii.

iv.

Periodic sampling on soil for physical and-chemical
properties. :

Chemical analysis of foliage and litter,
Sampling of soil for selected microflora activity.

Sampling of soil fauna if practicable.

Timber qualities

i.

ii.

iii.

iv.

Ultimate use of plots will be to provide material of .
known fire history for conversion and defect studies.

Descriptive study of all trees for visible damage
(including broken branches, minor scars) before and
after each burn.

Discs to be obtained from all stems removed as
thinnings during course of experiment, for study and
storage. (These are intended to provide information
on the progress and history of such defects as gum
veins, and on other timber properties, including
sapwood width.) -

Record of damage to plot trees following any logging.
Record of other damage to plots, e.g. from cyclones.
No method of sampling which may cause damage to -

plot trees to be used. (Limited sampling likely to
damage trees permissible in plot surrounds.)

Insect survey. If practicable, périodic survey of insects

of possible importance present in experimental area.

Protection

ii.

iii.

Increased protection measures to keep wildfire out
of experimental area.

If practicable, a block of three spare plots to be
located and kept untreated as a reserve against loss
of part of experimental area.

In event of whole area being burnt by wildfire,
experiment to be continued.

Other observations

ii.

Qualitative observations on seed production.

Records of regeneration, should this be required.
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This study is being planned as a long-term project which will .
not be concluded until the end of the rotation. However,
considerable information in a number of fields should be
provided from an early date, and this information will
increase as the study continues. As far as practicable all
operations listed above will be carried out, though in some

. cases these will be dependent upon preliminary work to

develop suitable techniques or upon the availability of
specialist advice. Co-operating groups will be:

Central Coast Research Centre: co-ordination of
study; general field maintenance; specialist work
under topics a, b, ¢, d (in part), e, of (sampling),

g (sampling, records of damage), i, j.

Chemistry Section, D, W.T.: d (in parfc), f (in part).
Pathology Section, D, W.T.: f & g (in part).

Wood Structure Section, D. W, T.: g (in part),
Entomologists, D,F.M.: h.

F.R.I.: d & f (in part, and if practicable),

B. Other Liarge Scale Field Studies

1.

Fire Effects in Other Stands. Studies along the lines outlined
above (A) for Coopernook State Forest, but on a less ambitious
scale, to be subsequently initiated in other forest communities,
with initial priority being given to slash pine plantations.
(C.C.R.C. and other groups as appropriate from A.)

Stem Defects in Burnt & Unburnt Stands. Any opportunities

for comparing production and quality for adjacent and other-
wise similar burnt and unburnt stands, along the lines of

N. Humphreys' 1964 study at Lower Bucca State Forest, to

be taken. (C,C,R.C. and local staff,) -

C. Basgic Studies of Direct Relevance

1.

Characterization of Fire Intensity. Partly covered by A (d),
and by work of F,R,1., C,S,I.R,.O., 'and by other existing
studies of C,C,R.C,, but may need examination in other
sites. (C.C,R.C.)

Heat Injury

i. Physiological processes of heat injury and recovery in
stems, including formation of gum -veins.

ii. Development of technique for early and non-destructive
detection of heat injury. (To follow on progress under
2(i), above.)
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3. _Thermal Properties of Bark., Information required on
properties of major North Coast species. (Referred*,)

4,  Soil and Litter Studies

i, Soil changes brought about by fire. Partly covered
by A(f) and by recent work of Chemistry Section,
but may need repetition in other sites with markedly
different soil types. (Chemigtry Section,)

ii, Soil changes brought about by regeneration burns,
carried out in heavy accumulations of glash. Some .
work already done by Chemistry Section and North
Coagt Research Centre, but may need later
replication in other sites, (Cliemistry Section.)

iii, Changes in litter with burning: Changes in N status
regarded as of particular significance. Partly
covered in A (f), but may need replication in other
gites. (Chemistry Section.)

iv, Changes in soil microbiological activity., As for
4 (iii), above, (Pathology Section).

Basic Studies of Indirect Relevance '

1, Non-injurious Measurement of Bark Thickness., Technique
currently not in sight, but will be investigated. (Present
techniques are likely to promote gum -vein formation.) ‘For
present, indirect measures (e.g. correlationg of tree size
and bark thickness) will be used in the major study.
(C.C.R.C.)

2. Assegssment and Growth of Internal Defect, Investigate
various means of measuring internal defect, including some
deflection, neutron return and needle penetrometer,
(C.C,R.C. to co-ordinate.)

3.  Suppressed ''Seedling' Advance Growth

i Investigation of release of such advance growth
(lignotubers, swollen-rooted blackbutt, etc.), and
of quality of regeneration obtained. (N,C.R.C.)

ii. Investigation of "toxicity' effect suggested as
causing suppression of regeneration in presence of
mature blackbutt., (N.C.R.C.)

iii, Anatomical features in the swollen root-tissue of
advanced blackbutt seedlings. (Wood Structure
Section.)

It is suggested that topics listed as "Referred'' should be passed
on to Universities and other outside bodies for study.
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Indigenous Nitrogen Accumulators. Examine nitrogen-

accumulation in better quality native forests caused by .

‘Acacia spp., other legumes and Casuarina spp. (Referred)

Rot Development

]'-l

ii.

iii.

Mode of entry of rot-causing fungi into stems, with
initial emphasis on the yellow doze of cypress plne
(Pathology Section.,)

Rate of rot development in stems (See also D2,
above). (Pathology Section.)

Identification of rot-causing fungi. (Pathology

. Section.)

Insect Damage

]...

ii.

iii.

Life histories of major coastal insect pests, and
methods of control. (Entomologists, D.F.,M.)

Development of attractants for borers. (Referred.)
Breeding for resistence to insect attack. (Might be

considered in future in relation to eucalypt tree
improvement programmes. )

Litter

ii,

Chemical composition of litter in various forest
sites, including those not subject to fire. Partly
covered in A(f) and C 4(iii). (Chemistry Section.)

Decomposition of litter. Some studies under way,
and partly covered by A (c), but required attention
in other sites (C.C.R.C,).

Microbiological Changes in Soil

i.

ii.

Changes in populations of bacteria involved in N
cycle. (See also A (f) (iii) and C 4 (iv), but studies
may be required later in other sites.) (Pathology
Section.)

Role of mycorrhizae in native forests. (Referred.)

Sapwood

i.

ii.

Relation of sapwood width to tree vigour. (Wood
Structure Section.)

Relation of starch levels to tree vigour and health.
(Wood Structure Section.)

Stem Anatomy. Study of processes of gum -vein formation,

epicormic development and senescence. (Main features
already known, but may warrant additional work in future.)
(Wood Structure Section.)
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. Simulation Studies

(Studies carried out on individual trees, on small plots or on
potted plants, where certain field conditions can be simulated and
the effects studied under relatively controlled conditions.)

1, Susceptibility and Resistance to Heat Injuries., Observations
on various species, at various stages of growth, and
subsequent establishment of lethal heat time/temperature
curves. Partly included under A (d), but further information
will be needed from other sites and species. (C.C.R.C.)

2. Susceptibility of Regeneration to Fire. As for E1, above.

3. Effects of Fire on Understorey Species. As for El, above,

4, Effects of Fire on Different Soil Types. (See C4 (i) and (ii).

5. Effects of Fire on Timber Properties. As for El, above.

6. Control of Weed Seed Germination. Continuation of work
already under way. (N.C,R.C.)

7. Effects of Defoliation on Starch Levels, | Continuation of work
already under way; see also D9 (ii). (Wood Structure Section.)

F. Miscellaneous Studies

1. Assessment of Regeneration prior to Prescribed Burning.
Pending further information from studies proposed or in
hand, it was considered that areas to be subject to
prescribed burning, and likely to contain appreciable
regeneration of blackbutt, should be assessed for
regeneration prior to the burn. Where necessary,
prescribed burning should be eliminated from such areas
until the regeneration has developed some size and is better
able to tolerate fire. (C,C.R.C.)

2. Soil Loss following Fire. It was considered that this would
be too difficult to study within the present programme, but
that it should be included in the watershed management
research programme under consideration in the Karuah
Valley.

3. Macrofauna. It was believed that the work proposed would
not endanger macrofauna (birds, mammals, etc.), but that
at a later stage it may be necessary to look into this matter
more closely in relation to wider scale controlled burning.

4, Economic Analysis, One of the major aims of the fire effects
programme will be to evaluate prescribed burning by cost
benefits analysis, including the comparison of regular
prescribed burns as against complete protection and possible
periodic severe loss. Data relevant to these studies should
be compiled. (C.C.R.C.) |

-
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APPENDIX I
Participants at Taree Meeting
(ALl pérticipants but Mr Kellow are officers
of the Forestry Commission)"
G N Baur (Sen. Silv. Research Offlcer Divigion of
'~ Forest Management) Chairman

H.G.,M., Dowden (Res. Officer, Research Centre, Taree) Secretary’
'A A, Ashfield (Tech. Ass1stant Research Centre, Taree)

R.K., Bamber (Res. Officer, Wood Structure Section,
Division of Wood Technology)

K.R. Bootle (Res. Officer, Utilization Section,
Division of Wood Technology)

J. Bruce (Forester, Taree)

L.H. Bryant (part-time only) (Deputy Chief, Division of -
Wood Technology)

W.G. Carter (Forester, Kendall)
R.A. Curtin (Officer-in-Charge, Research Centre, Taree)
G.R. Dobbyns (Assistant District Forester, Taree)

M. F.P. Dufficy (Forest Protection Officer, Division of
Forest Manageinent)

A.G. Floyd (Officer-in-charge, Research ‘Centre, Coffs Harbour
Jetty)

D,J.T. Hartlgan (Res. Officer, Pathology Section, D1v1$1on of
Wood Technology)

D.A.T. Holmes (District Forester, Taree)

F.R. Humphreys (Res. Officer, Chemistry Sectlon D1v1s1on
of Wood Technology)

J.H, Kellow (Forestry Officer, Fire Control Sub- Sectlon,
Forest Research Institute, Canberra)

T. O'Toole (Tech. Asst., Research Centre, Taree)

A.P. Van Loon (Forester, Research Centre, Taree)
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APPENDIX II ‘

Programme and Agenda for Fire Effects Meeting

Wed. 23rd November Afternoon 1. . Opening of Meeting.

2. Introductory Paper on Fire
Effects (Mr Floyd).

8. Specific Talks and Discussion
on Individual Agpects:
a, tree health and growth
(Mr Curtin);
b. desirable regeneration
" (Mr Curtin);
c. understorey (Mr Van Loon);

Thurs. 24th November  Morning d. soils (Mr Humphreys);
e. timber quality (Mr Bamber);
f. microbiology (Mr Hartigan).

Afternoon Field trip
Manning River National Forest

Evening g. insect damage (Mr Bruce);
4. Other Aspects.

Fri. 25th November Morning 5. Development of Provisional
Programme of Research.

6. Close of Meeting.

V. GoN. Blight, Government Printer, New South Wales—1968







