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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 thousandp 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 cont,rolled burning: of reducing fuel 
over strategic areas by deliberate burning duri,ng periods when fire 
danger is low and when the fire can be readily kept under control. 

I n recent years knowledge and! understanding of the factors 
influencing fire have greatly increas'ed, 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 intensity, 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 dontrolled burning and the more 
recent prescribed burning practices deserved stressing, for the' two are 
oftel) 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 possible level commensurate wi th 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 tl,lis 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, ip. a sound position bo~ 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 w0uld require a co-operative 
approach. involving workers in many dis~iplines. -, So that the programme 
could be planned from the start in such a ':manner that it would be both 
realistic and of the greatest possible valtf,e. a meeting of appropriate 
COll).mission officers, together with a repr.esentative of the Eorest 
Re'search Institute. was held at Taree pver the period 23rd to 25th 
November. 1966. A list of the participants at this meeting will be found 
in Appendix 1. 

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 the research programme. The fina] session attempted to draft all 
the suggestions which had been received into a consolidated 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 ptudies. 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 communit~es. 

An outline of the draft programme finally prepared, and subsequently 
approved by the Commission, 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 
skilful application of fire to forest stands of relatively high economic 
value under conditions of weather, fuel moisture, etc. that wiil permit 
the c;d~ffnement 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. 

I 

Where the benefits of control burning (namely reduced wildfire dl:l.mage 
and low suppression costs) exceed the cost and damage of the burn, its 
use is justified Ci3ickford, 1943) 0 

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.yve shall only consider further the effect 
of control burning upon the bio'coenosis of the forest 0 

1. Effect on Soil and Soil Organisms: 

A fierce crownfire near Sydney was found to raise the soil 
temperature to only 1330 C at a depth of 1 inch, 1000 C at 2 inches depth 
and 580 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 dded out 
by the fire and was raised to a somewp.~t higher temperature. I~ the 
u. S. S. R. soil temperature under cont'rol burns with a flame height of 
1 t-4t feet was measured (Trutneroand Bylinkins, 1951). The temperature 
at the surface was found to be 390 C, and at 1 inch 1500 C and only 520 C 
at 1 t 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 2500 C on the 
Hawkesbury sandstone flora (Beadle, 1940) ~nd 320-450oC on jarrah fire 
breaks in Western Australia (Hatch, 1959). 

Temperatures of the soil surface after the fi:re 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 soil temperature was still 6.4o C 
higher at a depth of one inch and by 7. 90 C at three inches in depth 
(Scotter 1963). This change may be eigher good or bad, depenqing 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 (Hmnphreys, personal 
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communication), on longleaf pine forests in 'U. S. A. (Heywood and 
Barnette,1934) and in Russian pine forests (Trutner and BylinkinFl,1951) 
the soil becomes less acid. This is due to some calcium being oxidized 
to lime and also to the destruction of the acidic decomposing humus. 

Phosphorus availability is generally increased by burning of slash 
(Humphreys ibid, Attiwell1962, Scotter 1963, Lutz 1956 and Austin &, 
Baisinger 1955). Less severe control burns may produce little or no 
change (Hatch 1959, Humphreys ibid): but have been recorded as 
increasing available phosphorus (Vlamis, Schu1tz and Biswell 1955, and 
Trutner & Byli~ins 1951). However, the effect of repeated control 
burning in spotted gum forests in Queensland has been ,to reduce 
significantly the uptake of phosphorus as shown by leaf analyses from 
trees ranging from ,8 to 26 inches diameter (Florence 1964, personal 
communication) . 

Available nitrogen is generally increased after light fires in 
overseas coniferous forests due to im2r,~~sed .. :qitrification in the unburnt 
humus (Haywood & Barnette 1934, Tarrant 1956: Lutz 1956 and Vlamis. 
Schultz & Biswell1955). Total soil nitrogen i~ a 10blol1y pine forest 
was unchanged after two control burns three years apart (Hodgkins.1957) 
due to replenishment of the litter burnt. 'The burning of native pastures 
in the Northern Territory reduced the average content of the grass from 
0.370/0 before burning to 0.170/0 after burning (Norman and Wetselaar. 
1960). This is equivalent to a loss to the atmosphere of 4 lbs of nitrogen 
per acre or 50 lbs of blood and bone. The loss in the jarrah forests of, 
Western Australia is given by Hatch 1959 as 8 1bs of nitrogen per acre; 
but this is concealed by the next leaf fall. ' Similarly ,under other 
Australian forests. the loss from a single control burn was not evident 
(Beadle 1940, Hannon 1961 and Humphreys ibid). However where 
repeated control burriing has been practiced for 11 years under spotted 
gum forests in Queensland the total nitrogen content of the soil, was 
considerably reduced, of which the destruction by fire of nitrogen -fixing 
wattles could be a significant contributing factor. It was also found by 
pot trials that the dry weight production of spotted gu.nl seedlings and 
the'ir uptake of nitrogen were much le'ss in the burnt soils. Similarly. 
the foliage of all size classes of trees contained a considerably lower 
percentage of nitrogen when subjected to repeated control burning 
(Florence 1964, personal communicatiOli). 

Exchangeable calcium i$ usually increased by burning (Haywood 
and Barnette 1934, Scotter 1963, Lutz 1956 and Garren 1943). However 
with jarrah no change was detected (Hatch 1959). ' 

Other nutrients such as potassiuni. magnesium and sodium may be 
increased in an exchangeable form by severe fires (Tarrant 1956, Specht, 
Rayson and Jackman 1958, Austin & BaiSinger 1955): but are unaffected 
by control burns (Hatch. 1959). A loss of copper and manganese by 
leaching of the ash after burning has been reported (Worley, 1933). 

The physical properties of the soil are generally altered by 
repeated burning. Ten years protection from fire resulted in improved 
physical properties of soils, under 10ng1eaf pine (Wah1enberg. 1935). 
The structure of 80dso1 soil changes to coarse cOIr.!-pact aggregates when 
heated above 100 C due to desiccation, denaturing and carbonization of 
the humus (Trutner and Bylinkins. 1951). The absorptive and retentive 
capacity of the soil for water was found to be unaltered ,by a single light 
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fire on Hawkesbury sandstone (Beadle, 1940). However, repeated 
burning rendered the soil less pOrOt1S and hence reduced water 
penetration and retention (Wahlenberg, 1935, Haywood & Tissot 1936, 
Haywood 1937, Elwell & Fenton 1941', Hanks and Anderson 1957 and 
Fuller 1955). The cause of jarrah die-back in Western Australia has 
been traced to the root pathogen Phytophthora> cinnamomi. Factors 
favouring its spread are regarded as being high rainfall, and soils of 
impeded profile drainage with poor moisture -holding characteristics 

> (Podger, Doepel & Zentmyer 196,5). , Regular control bu~ning of the 
jarrah forests may therefore be assisting the spread of this fungus by 
reducing the moisture retention of the soil. Fire will affect the infiltration 
rate of different soils to different degrees (Kittredge, 193 8). However 
burning removes the surface litter, which when three inches thick has 
been found to retain 50 -100 points lof rain from reaching the soil 
(McArthur 1962). This same litter will of course reduce runoff from 
heavy downpours and also evaporation from the mineral soil (Bernard, 
1963) • 

The effect of fire on the larger soil fauna (e. g. crustaceans) was 
found in Western Australia to inc,rea~e the population at first, but that 
in time the numbers returned to the normal lower level (Bornemissza 
1954). The less acid conditions produced by burning favour the develop
ment of micro -organisms which nitrify the hUITlus into available nitrates 
(Trutner and Bylinkins,1951). The same workers found that light fires 
sterilize the unburnt humus thus enabling a rapid multiplication of 
nitrifying ammonia-forming bacteria. The long term effect of repeated 
burning may not be so beneficial. Recent work in Queensland on soils 
under spotted g.um indicated that after 11 years of control burning 
available nitrogen production (as nitrate) was virtually negligible, 
whereas on unburnt soil it was quite considerable (Florence 1964, 
personal communication). 

To summarize, whereas wildfires and slash burns will certainly 
improve the available chemical composition of the, soil, infrequent 
prescribed burns under eucalypt forest have very little effect beyond a 
small increase in calcium and a resultant increase in pH. Regular 
control burns on the other hand c~n result in reduced nitrogen content 
in the soil and in seedlings, insignificant production of available nitrogen 
and lower percentages of nitrogen and phosphorus in the crowns. A 
single light fire will probaly not alter the physical nature of the soil: 
but repeated burning will reduce its absorptive and retentive capacity 
for water according to the type of ~oil. 

The evidence indicating the harmful effects to the soil by repeated 
control burning is such that to contemplate the large scale use of such 
a fire without further study woul~ be most unwise. 

2. Effect on Erosion 

In Canada, erosion is not serious following fires unless the rainfall 
is heavy (Scotter, 1963), whereas burning in woodlands in Oklahoma, 
U. S.A. increased erosion (Elwell and Fenton, 1941). Where the litter 
was not completely burnt every 4-5 years in a P. ponderosa forest, 
there was no increase in runoff and erosion (Biswell and Schultz, 1957). 
The burning of a catchment area of woodland chaparral in Central 
California indicated that the percentage of precipitation in the form of 
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surface runoff increased from 0.. 1 % if unburnt to 2% if burnt twice in 
nine years and 14% when burnt annually' (Rowe, 1948). Similarly th'e 
weight of transported soil was 1. 5, 1,000 and 25.000 lbs per acre 
. respectively. . 

Along the' east coast of Australia it is reported that sheet erosion 
resulting from frequent fires does much to explain the shallowness of 
soil under eucalypt forests (Ellison 1952, Morland 1959).: In the alpine 
ash forests of the southern highlands of NoS. Wo severe erosion occurs 
on steep granite slopes following fire (Byles.1932). The use of fire in 
watershed managelnent appears to be a heresy in the eyes of many 
authorities. 

3. Effect on Roots and Lignotubers 

As control burns do not cause any appreciable rise in the soil 
temperature below a depth of two inches~ s.uch fires will have little 
direct effect on the roots. Fierce crownfires on Hawkesbury sandstone 
killed practically all non -lignotuberous regrowth but only 0.:..8% of plants 
of lignotuberous species. Those killed had their lignotubers wholly 
within four inches of the surface (Beadle. 194b) • 

4. Effect on Understorey 

The oft repeated conclusion that the early settlers could gallop 
their horses through our virgin high quality forests because of the cleari 
floor produced by many centuries of frequent burning appears to be a 
fallacy. . 

In Victoria, the mountain ash forests were rarely burnt by 
lightning fires.(Jarrett and Petrie,1929); and before the arrival of the 
white man, had been mostly unburnt for many years. The open floor 
was due to the absence of fires and to the closed canopies. 

It was the fires of the settlers that stimulated the scrub which 
they then burnt to spark off a vicious cycle of destruction (Patton 1930), 
Stretton 1939). 

Similarly in Western Australia, it could not be safely assumed 
that any extensive area of the jarrah forest was regularly and 
systematically burned over by the aborigines before white settlement; 
and in the wet karri forests and the dry inland it is probable that 
extensive fires were always infrequent (Rodger, 1961). Aboriginal and 
lightning fires were most frequent in the heath and mallee thickets and 
only occaSionally entered the high forest (Garq.ne~ .. 1955). 

The royal commissioners into both the disastrous Victorian and 
Western Australian bushfires found that frequent burning was not typical 
of these forests. 

In spite of this historical evidence, those most ardently in favour 
of control burning still consider "it is reasonable to assume that the 
Australian flora has been subjected to widespread and frequent burning 
for many thousands of years ". (McArthur.1962.) . 
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Again, in the Spowy Mountains fire scars showed that fires were 
more frequent- and severe after the wh,ite man arrived (Costin 1954, 
Costin et. al. 1959). They found that frequent burning altered the 
vegetation from an herbaceous sward to a cdmmunity of fire res~stant 
shrubs which persisted for about 20 years before being excluded by 
~hade. The original grassy floor required ~0-40 years of freedom from 
fire for its redevelopment. In the grazing areas of the high plains of 
Victoria, the graziers! fires have been distinctly detrimental to their 
interests at all times (Fawcett, 1940). Even in a supposedly under
developed state such as Mali in Africa it has been domonstrated that 
total fire exclusion has resulted in the tough fire resistant grasses 
being replaced by the smaller softer grasses of superior forage value 
(Jouvanceau, 1962). A similar picture exists today in northern N. S. W. 
where the succulent kangaroo grass has been replaced due to fire by the 
tough and largely unpalatable bladey grass and whisky grass. Perhaps 
the grazier is merely an unwitting slave to the fire over which he claims 
mastery. 

The control of undesirable weed species of the understorey such 
as lantana and wattle has been tried in·spotted gum forests near 
Maryborough, Queensland (Henry, 1961). After 6 years of prescribed 
burning their height was reduced from 8. 8 ft to 3. 6 ft and the area . 
covered from 74% to 15%. However, the nurrtber of plants of lantana. 
increased due to burning from 933 to 1147 per acre; and for wattle· 
from 1259 to 2085. Regular burning will ,keep these weeds in check; but 
as soon as fire is excluded in order to obtain regeneration, the weeds 
rapidly capture the site and choke the small trees. After 10 years 
protection, the mean height of the lignotuberous. regrowth was only 2. 15 
ft, whereas a minimum height of 20 feet is required before it can be 
safely burnt. Brushing of the weeds has not produced any response 
from the regeneration. 

The use of fire as a tool in manipulating the understorey and ground 
cover has apparently in the long run, been of doubtful value to date in 
Australia. 

5. Effect on the composition of tree species 

Many savannah woodlands (as distinct from high forest) in Australia 
are perpetuated as such by fire. Protection of the gray box-red stringy
bark forests of Gippsland encouraged regeneration amongst the grassy 
ground cover (Howitt 1890). Similarly in Queensland, the open nature 
6f these forests is due to fires (Domin.1911). Complete protection of 
the spotted gum forests of Maryborough, Queensland will encourage 
rapid development of lantana, red ash, wattles and brush box to form a 
dry rainforest understorey (Henry, 1961). After a number of years, 
the wattles at least die out and are not replaced. This understorey 
prevents regeneration of spotted gum; but is a characteristic of the 
best spotted gum sites in northern N. S. W. at Richmond Range, Grange 
and Kangaroo Creek where it certainly" does not restrict growth of the 
ove rstorey • 

In the subalpine woodlands of the Tumut area repeated burning 
causes a slow deterioration of snow gum sites. Protection from fire 
means a temporary increase in shrub growth and its attendant fire 
hazard and also reduced grazing until the open climax forest is again 
restored (Newman 1955). 
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The implication that speCies in moist climates, where fires are 
infrequent, do not produce lignotubers and generally ha-ye a. thinner bark 
(McArthur ,1962) is a very shaky hypothesis which is not borne out in 
the field. In northern N. S. W. it is common to find a non-lignotuberous 
species such as blackbutt on the drier fire-swept ridge associated with 
a retinue of lignotuberous species. Similarly in the moist gullies is 
found a solitary non -lignotuberous species, flooded gum surrounded by 
lignotuberous species such as turpentine and tallowwood with particularly 
'~hick fire-resistant barks. Lignotubers have obviously not been, evolved 
simply as a fire protection mechanism (Jarrett and Petrie,1929). The 
trump card of the non-lignotuberous species is their ability to grow 
rapidly to a great height where they m~y survive infrequent fires and to 
produce large and consistent crops of seed from an early age to ensure 
their regeneration if killed. In the pre -white man environment of 
infrequent fires this strategy worked well; but with more frequent 
burning, these most desirable species are at a very serious disadvantagE; 
as their rege~eration is burnt whilst young and any damage to the crown 
cannot be repaired and a new seed crop prepared in time for the next 
fire. It is at this st~:ge that the slower growing less desirable lignotuberdus 
species gain the upper hand by their ability to shoot again and again from 
the underground root stock. In the southern highlands of N. S. W., 
mountain gum and narrow-leaved peppermint are better able to withstand 
frequent light fires than the non-lignotuberous alpine ash (Lindsay, 1939). 

On Tuggolo S. F. in the northern tab1elands of N. S. W., silver-top 
stringy-bark (without lignotubers) is the species preferred over ribbon 
gum and messmate. A light fire of scorch height approximately 6 feet 
trickled through some excellent regeneration when 4 years old. Although 
few plants were actually killed, 90% of all stringy-bark Qver 10 feet high 
were burnt back to ground level as compared with only 25% of ribbon 
gum. Whereas before the fire the favoured species (stringybark) was 
clearly dominating the site, the situation was reversed aft~r burning, 
when at age 6 years the ribbon gum was 8.8 ft and the stringybark 3.8 ft. 
Frequent fires therefore tend to favour the growth of the less ·favoured 
ligonotuberous species. 

6. Effect on Mortality 

Probably the most critical issue in controlled burning is the 
response of cambial tissue to specific temperatures applied to the 
outstde of the tree for specified times (Kayll,1963). ~ark consists of a 
dead outer bark or rhytidome, the live bark surface or phelloderm 
produced by the phellogen, the 'live inner bark or phloem and then the 
cambium (Chattaway 1953, Cremer 1962). Heat iSicon,duCted through 
the bark to the cambium depending upon the heat properties of the bark, 
the nature of the heat, temperature applied and its duration. 

Bark thickness depends on the diameter of the tree and is commonly 
about 5%. Increased resistance to heat is due to a greater total thickness 
of bark but more importantly to a change in the ratio of outer bark to 
total bark (Spalt & Reifsnyder). Barks under .3 inches thick and non
corky barks up to .4 inches thick allow an almost immediate rise in 
cambial temperature. A 9 inch d. b.h. hemlock was found to be twice 
as resistant as a 15 inch d.b.h. balsam fir; and a 7 inch d.b.h. balsam 
fir withstood a temperature of 3000 C longer than a 12 inch d. b.h. beech 
(Stickel 1941). The physical properties which determine the heat 
resistarrce of bark are thermal conductivity, density, specific heat, 
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thermal diffusivity, moisture content, thermal absorptivity and heat of 
combustion. (Martin 1963, Stickel1936, 1941). The effect of fissures 
.5 inches deep in the bark was found to reduce'the temperature of 10000C 
applied to the ridges to only 5000 in the fissures: but because the thicker 
bark of the ridges as a better insulator, the temperature of the cambium 
was similar (Kayll,1963). Repeated burning could reduce bark thickness 
and render the cambium more 'fire sensitive. ' 

The lethal temperature of the cambium is obviously of vital 
importance; and is the same for all species provided the protoplasm is 
well hydrated (Baker,1950). A lower cell moisture content, as during a 
dry period or as is found in slower growing trees will result in less' 
damage. The critical lethal temperature is given as 500C (Cremer, 1962), 
650 (Stickel,1941), 57 -590C for a duration of 30 minutes or 65-690 C for 
1 minute (Lorenz,1939), 600 for 2-4 minutes Or 650 for less than 2 

·minutes (Kayll,1963), and 600 for a fast head fir,e or 56-580 for a slower 
moving back fire (Bryam 1958). The duration of the heat is therefore of 
great importance ·as although a temperature of 650 for a brief period of 
1 minute may not be fatal, 600 for 10 minutes could well be so. 

Temperatures likely to be encountered on the surface of the bark 
can range from 200 -10000C for a slash burn in eucalypts in Tasmania 
(Cremer, 1962) to 320 -4500C on a fire break in jarrah (Hatch, 1959). In 
1Western Australia a scorch height of 25 ft, corresponding to a flame 
height of 5 ft, is the accepted maximum for control burns. This is also 
followed in N.S. W. where it is preferable to restrict flame height to 
only 2-3 ft and the scorch height to 10-15 ft (LUke, 1964). 

In the light of the great variation in the insulating propertieS of 
different barks, the range in age classes and of moisture content of the 
cambium the acceptance of an overall limit of 25 ft scorch height in all 
cases is incredible. Furthermore it has be~n shown that less heat is 
required on a hot day to do the same amount of damage as on a cool day. 
P. palustris was 50% more resistant to the same applied heat when the 
initial cambial temperature was 350 rather than 700F (Hare, 1965). 
Crown scorch is unreliable, as similar scorch heights on a cool and a 
hot day may result in the buds being undamaged on one put killed on the 
other day (Bryam,1958). This explains in part the well-k,nown fact that 
summer fires are more destructive. Percentage of height to which the 
bark is charred is regarded as the best index being independent of tree 
size and crown length (Storey and Merkel, 196Q). A further objection to 
scorch height is that it ignores the duration of heating. Because back 
fires are of longer duration, being slower th~n head fires, they are not 
recommended in young pine stands where butt damage could result. A 
somewhat hotter but shortlived head fire is preferred (Bryam, 1958). 

Crown scorch in the autmnn months of the year may kill young 
trees which at other times of the year would have recovered (McArthur, 
1962). Mountain ash in Tasmania if scorched in February-June usually 
died, apparently from starvation, as no new leaves would be formed 
until the spring (Cremer 1962). 
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Lignotuberous regrowth of spotted gum in Queensland a~ter 5 years 
of control burning suffered 33% mortality (Henry, 1961). Repeat.ed 
burning back was found to weaken and eventually cause their death. 
With larger saplings control burning still caused heavy damage, viz: 

Under' 5 ft height 100% killed 00/0 damaged 

5 -10ft height 74% killed 21% darnaged 

10 -20 ft height 29% killed 53% damaged 

20-30 ft height 0% killed 47% damaged 

Overseas in the U. S. A., oak which was merely scorched, eventually 
suffered over 60% deaths due to fire scars, insect attack and rots 
(StickeI1940a). In a similar experiment with 829 hardwood stems, 65% 
were killed outright and only 4% of the remainder were not basally 
scorched. After 6 years, one third of the survivors had recovered, one 
third were dead and the remainder scarred with insect and fungal attack 
(Stickel 1940 b) .. 

One purpose often listed for control burning is that of control of 
brown spot needle blight on longleaf pine by scorching the diseased 
needles. However this is a difficult operation as there is increased 
mortality from the fire due to the decreased vigour of the affected 
seedlings and the additional fuel from their diseased needles (Bruce 
1954). Also fire cannot be used where the more fire-sensitive slash 
pine is present (Gruschow, 1952). Similar complications' were 
experienced when controlling the fusiform rust on slash pine in the 
U. S. A. The rust lowered the vigour of the plants thereby increasing 
mortality from the fire; and the resin from the diseased trees added 
to the fuel. In this operation burning increased the infection by 
promoting early spring growth which was quickly attacked (Siggers 1949). 

I n Europe, Austrian pine .55 years of age died in groups after 
burning the thinning slash due to a fungal infection of the roots, Rhizina 
undulata (Gremnen, 1961). The rate of spread of Jarrah Dieback in 
Western Australia due to the root pathogen Phytophthora cinnamomi 
might also be affected by regular control burning. 

Deaths due to repeated insect attack are sometimes prevalent in 
N. S. W. control burning to reduce the population of phasmids has been 
attempted at Hanging Rock but such a fire must be hot enough to destroy 
all the litter and the phasmid eggs. Repeated burning will eradicate the 
phasmids by removing the ground cover and any eucalypt regeneration 
(Campbell, 1961), but this is hardly conducive to good silvicultural 
practice. At Tanban S. F. near Kempsey, burning actually increased 
the number of phasmids, evidently because it reduced the number of egg 
parasites' and birds (Hadlington & Hoschke. 1959). 

7. Effect on Increment 

Actual death may sometimes result from control burning and is at 
once obvious; but the less readily detectable losses due to reduced 
increment and degrade have for so long been completely overlooked. 
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Control burning has been quote<;l as policy in the yellow pine forests 
of the western U. S.A. (Harris, 1961). Weaver in 1957 reported 
favourably on such an annual burning of the needles and litter mat. 
Very few young trees were damaged, fire hazard-was reduced, shrubby 
ground Gover was converted to grass and the codominant and dominant 
trees showed increased growth. However whereas control burning in a 
nearby area produced a 27% increase in diameter growth and a 23% 
increased height growth over the next 15 years (Morris and Mowat,1958). 
Wooldridge and Weaver in 1965 found that 6 years after a slow fire into 
a gentle breeze, height growth was significantly better and diameter 
growth slightly (but not significantly) better on the unburnt plots. Despite 
his earlier optimism, Weaver finally had to admit that controlled burning 
was found to be "a rough and largely unpredictable tool for thinning 
young ponderosa pine stands" up to 50 feet in height. Similarly Davis, 
1965, found that on a 100 acre prescribed burn only 9.7% of the trees 
needing release were actually released and that on 5.1% of all plots the 
best potential tree was either killed or damaged. 

In the slash pine forests of the southern states of the U. S.A. where 
the policy is also for control burning, trees up to 7 inches d. b. h. have 
showed reduced height growth immediately after burning even when no 
needles were scorched. There was no significant reduction in diameter 
growth unless one third of the crown was scorched (Gruschow, 1952). 
Where slash pine suffers complete scorching during a control burI!-, a 
complete year I s diameter growth is lost over the next 3 years (Bickford, 
1943). The result of regularly burning a plot of longleaf pine in 
Louisiana for 32 years from the age of 1 year has shown the unburnt 
trees to be now 10 feet taller than those burnt and the volume production 
to be 3,460 cu. ft/acre on the unburnt plot compared with 1,930 cu. ft 
on the burnt area. Current volume increment is now slightly greater 
on the burnt plot because of the lower stocking (Bruce, 1947). 

Increased diameter growth as a result of regular burning of the 
jarrah forests has been reported (Harris 1956, McArthur 1962, Luke 
1963, 64). Experience elsewhere supports this view in the short term 
only. An enlarged bole near ground level, suggested as being a 
protective reaction to burning was reported for loblolly pine (Chapman, 
1942). l6ngleaf pine (Anderson and Balthis" 1944) and various hardwoods 
in the U.S.A. (Toole .. 1959). Spotted gum in Queensland also showed 
increased diameter growth with repeated control for the first 4 years. 
Diameter increment was .14 inches annually on the burnt area and .11 
inches on that unburnt (HenryJl1961). This increased diameter growth 
was found to be only in the basal 15 ft of the trunk and is probably 
similar to the overseas experience of butt swell. However after 9 years 
of burning, the Queensland trees had lost all of their diameter advantage 
and the diameter increment was still falling steadily at .1'0 inches for 
the tenth year of burning in comparison with • 15 inches for those unburnt 
(Florence 1964,personal communicatiqn). 

Discomforting as the Queensland picture may be, the position in 
N.S. W. could be even worse. Control burning plots in blackbutt on 
Way Way S. F. were burnt in 1961 and 1962 have to date shown no growth 
response to burning whatever and have given comparable annual diameter 
increments of .33 inches since 1961. It is as yet too early to expect 
any falling off of increment as a re:3ult ,of repeated burning of this 
mature stand. 
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Similarly in a control burning experiment in spotted gum about 
60 feet high near Grafton which has been regularly burnt for the last 6 
years the diameter increment of ,the best 100 trees per acre was:' 

1957 -9 
1959-61 
1961-63 

Total diam. increment 
for 6 year period 

Diameter P. A. I. in Inches 

Burnt Annually 

.10 

.07 

.13 

.60 

Unburnt 

.18 

.16 

.22 

1.12 
--r--

Bark thicknesses were measured before the initial 'burn and again 
iri 1964; but were unchanged~ Consequently the loss of increment on 
the burnt plot cannot be attributable to excessive bark shed as has been 
found with longleaf pine in U.S.A. (MacKinney 1934, Wahlenberg 1936). 
No butt swell was present to br;i.ghten this picture either. 

Longleaf pine in U. S. A. and spotted gum in Australia aJ;'e regarded 
as being fire-resistant species but have shown growth losses approximat
ing 500/0. 'We do not as yet know the effect of repeated control burning on 
our fire -sensitive species such as blackbutt, alpine ash and mountain 
ash. 

8. Effect on Degrade 

We now come to the most difficult and most important economic 
aspect of control burning, namely the loss in revenue occassioned by 
unutilizable and downgraded timber. 

In the hardwoods of the U. S. A., slight basal scorching is reported 
to be often overlooked, yet 500/0 of these fire -scorched hardwoods 6 
months after the fire were infested with borers (Stickel .. 1934). With oak, 
yellow poplar and basswood 970/0 of basal wounds were caused by fire 
(Hepting and Hedgcock, 1937); and 900/0 of the butt rots enter through 
these wounds (Hedgcock, ,1926). 

In Western N. S. W •• fires weaken white cypress pine trees 
thereby rendering them susceptible to attack by the cypress pine girdLer 

~, 

beetle, particularly when the fire is followed by a period of low rainfall 
(Hadlington and Gardner, 1959). 

A very comprehensive study of degrade in 45-years -old alpine 
ash on the bago management are, (Greaves 1964, in press) reveals a 
distinct correlation between fire and decay'and termites: 

Histo;ry of Stand Percentage of Total Vol- Total Loss in Revenue 
ume Lost by Degrade 

l 
from fire, decay and 
termites per acre 

Fire DecaL Termit~s 

Unburnt 0.3 2.3 3.1 £ 1.12. 5 

Burnt at age 1.2 10.0 26.1 £15.18. 0 
9 years 
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He found that recurrent fires facilitate the entry of termites and/ 
or fungi. The sig~ficant fact is that although the actua110ss due to ' 
charred timber is small. the fire scars permit the' entry of fungal 
organisms and termites resulting in a much greater loss. The termite 
responsible. namely Porotermes adamsoni. cannot begin a new colony 
in undamaged tissue. and as branch stubs are often too dry; partly 
occluded fire scars al'e the favourite points of entry. ' 

This fire was apparently not a control burn. but neither was it of 
suffi'cient severity to kill the young trees of this recognized fire -sensitive 
species. It does indicate the very great importance of the hidden defect 
as distinct from actual mortality. and the secondary effects from an 
otherwise insignificant fire wound. 

Perhaps one of the most valuable and controversial contributions 
to an assessment of damage due to regular control burning was that by 
Humphreys. 1964. A blackbutt stand on Lower Bucca S.F. was logged 
for poles when about 47 years old. This stand was protected by a fire 
break since the sapling stage. but it was considered unlikely that 
controlled burning was restricted to the fire break until it was 20 years 
of age. At age 29 years it waS subjected to a bushfire. but thereafter 
burning has been restricted to the fire break only. 

The scorch height of some of these control burns~:~ could He regarded 
as excessive; and because of the proximity of the forest to the township. 
hazard reduction has been carried out more intensively and regularly 
than elsewhere. Fuel on the fire break is light bladey grass. whereas 
wlthin the protected forest is composed of dense scrub and turpentine 
and 10-12 tons of dry fuel per acre. 

During the logging operation the various defects were tallied as 
follows: 

Log defect 

Additional defects 

(a) 

(b) 

(c) 

Gum veins 

Termite attack 

Losses due to butting 
(Percentage volume left 
in bush) 

Burnt 

, 17. 73% 

83. 4% of trees 

41. 6% o~ trees 

2.9% of trees 

* i. e. they should not be regarded as prescribed burns 

Unburnt 

13.50% 

22.7% of trees 

16,0% of trees 

1. 6% of trees 



14 

The loss in revenue due to butt loss and increased log defect only 
(ignoring gum veins and termite, attack) was 18.7 pence per hundred 
super ft gross or 12/4 per acre per annu,m. which is 11. 35% of'the 
revenue from the unburnt stand. If the protected portion ha.d not been 
control burnt in early life the above differences, might have be~n even 
greater. Also the considerable increase in gum veins and termite 
attack must eventually degrade the timber. However, gum veins are 
not necessarily caused by fire as blackbutt on Manning River S. F. 
showed 49 gum rings on 104 trees during the period of burning in 1940-
52 whereas there were 53 rings when not burnt tn 1953-64 (Henry. 1965). 

Conclusions 

1. Control burning at infrequent peribds has very little effect upon 
the chemical composition of the soil apart from an increased , 
availability of calcium and hence a higher pH. However, regular 
control burning appears to produce a greater availability of the 
decreasing soil nitrogen capital which is evidenced in an initial 
increase in growth followed by a sustained reduction. A fall in 
foliar nitrogen levels is accompanied by a reduction in phosphorus 
also. 

2. The physical nature of the soil is not likely to be altered by 
infrequent burning, but regular burning on certain soils reduces 
their absorptive and retentive capacity for water. Where all the 
litter is burnt, increased runoff and erosion generally ensues. 

3. Repeated control burning effectively controls the understorey as 
, only plants with either 'a short life cycle (whisky grass, rag weed, 
erofton weed) or underground rhizomes (bracken fern, bladey 
grass) can persist. The difficulty arises when burning must 
cease to allow regeneration to proceed. Heavy weed infestation 
then occurs. The effect of this change of understorey 1,lpon the 
physical and chemical properties of the soil is unknown and 
should certainly be studied. 

4. Regeneration of tree species in control burnt areas will be 
according to their inherent fire resistance. This generally 
favours the lignotuberous species wl1icb are often not, those 
preferred. Practically nothing is known of the' insulating 
properties of various eucalypt barks, their variation with season 
and moisture content. 

5. The current use of scorch height as the yardstick for assessing 
fire damage can be most misleading as this is only one of 
several factors determing the maximum temperature 
experienced by th,e cambiallayer. Ambient air temperature and 
duration of heating should be studied. 

6. The effect of repeated control burning on increment is not clear 
for all species and sites. Initial increases have been reversed 
in some cases (e. g. spotted gum in Queensland) whereas 
consistently lower figures were found from the outset at Bom 
Bom S. F. 

The changing nutrient status of such soils and foliage should be 
studied. 
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7. Probably the evaluation of losses due to degrade caused by burning 
is the most important field of study. This is admittedly very 
difficult and will require a team approach to study the roles of 
root and stem fungi. insect borers and termites upon wood quality 
and formation of gum veins for various carefully documented fire 
regimes. 
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THE EFFECTS OF FIRE ON TREE HEALTH AND GROWTH 

by R. A. Curtin 

1. INTRODUCTION 

In our discussion of fire effects over the next two days, we will be 
dealing with various facets of the problem under the headings of health 
and growth, the regeneration of desirable species, understorey control, 
soils, fungi, insects and timber defects. Our direct concern will be 
the effects of fire on native eucalypt associations, particularly the 
blackbutt (E. pilularis) types, with some consideration of fire effects in 
artificial pine stands. Although these topics allow a logical approach to 
the problems involved, it will be appreciated that they are all related 
with one another in a more or less complex manner. It is not always 
possible, and certainly not desirable, to approach anyone aspect in this 
field without due consideration to the others. Consequently, Odum (1963) 
ri-as stated that the role of fire should be studied within the framework of 
the ecosystem concept, and this approach must be recommended. 

Naturally there has been an active interest in the role of fire in 
maintaining many Australian plant communities. The ecological studies 
of Brough, McLuckie and Petrie (1924), Petrie (1925L Jarrett and Petrie 
(1929) and Wood (1937) have demonstrated the resistance of dry 
sc1erophyll communities to change in the presence of fire. Classical 
succession in these communities is not important and relatively brief. 

More recently there has been a tendency to explain the complex 
distribution of wet sclerophyll and rainforest communities in terms of 
chance fire incidence and frequency (As~ton, 1956; Gilbert, 1959; 
Cunningham, 1960; Cramer, 1960; Baur, 1962; Mount, 1964). However, 
while admitting that fire is a key factor in the regeneration of the 
eucalypts, Florence (1963, 1964a, 1965) regards the soil environment 
as the major factor influencing the complex vegetational pattern of some 
of the east coast forests. He regards fire as a superimposed factor 
which may have affected the relative occurrences of sp'ecies adapted 
to a given habitat, but only within fairly restricted limits. 

This broad problem of the stability of ecosystems in the long term, 
under the influence of either increasing or decreaSing frequency of fire,S 
must be given due emphasis in any overall investigation of the effects of 
fire. The benefits to be obtained from prescribed burning all depend on 
ecological changes brought about by fire. It is also worth noting that 
some of the objectives of prescribed burning such as increaSing both 
grazing capacity and timber production are not necessarily compatible. 
Moreover the role of fire in perpetuating a given species may create an 
environment suitable for the optimum development of the species as a 
biological organism, but an unsuitable environment for the objective of 
quality timber production. 

These broad introductory remarks should be kept in mind in 
considering the various fire effects which are discussed below. Problems 
of regeneration and species composition will not be considered here, 
but rather the effects of fire on the health and growth of already 
established trees. 
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2. FIRE EFFECTS AND TREE HEALTH 

The health of an organ or organism refers to the efficiency of its 
physiological functioning. In considering the effect of fire on tree heal t:n 
three possibilities arise. There may be no effect, a beneficial effect or 
an injurious ,effect. 

Benefi<;!ial effects wUl normally be indirect in that fire would create 
an environrilent conducive to health and growth. This situation might 
occur by the removal of less resistant plant,competitors, parasitic 
populations of fungi, insects' or other organisms, the amelioration of the, 
site by increased nutrient cycling' and detoxication or by improved 
microc1imate or increased water availability. Obviously it is also 
possible for fire to create an environment in which these processes are 
reversed and there are examples of all of these two-way reactions in the 
literature. However, these aspects will be covered more fully under 
later topics and will not b~ discussed fUf'ther here. 

, The art of prescribed burning is to minimize the injurious effects 
,of fire, consistent with the aims of burning. 

The variables of heat injury external to the plant are temperature 
and its, duration as well as the distance from the plant organ at which the 
heat is applied. The time -temperature relationship which produces a 
quantity of heat lethal to living plant tissue is 'exponential, so that damage 
may arise from long periods of low temperatures as well as short periods 
of high temperature (Hare, 1961; Kayll, 1963; Martin, 1963). Consequently 
in any studies of the injurious effects of fire it is necessary to obtain 
data on temperature and its duration in order to be able to relate the 
presence or absence of injury to fire severity. In the discussion of fire 
effects which follows much of the material has been drawn from the 
excellent review paper by R.C.' Hare .(1961). 

3. FIRE INJURIES 

Qirect physical inJury by fire may be caused by burning off bark, 
or cau,~ing it to slough off later. Such injuyies may kill portions of the 
phloem or cambium, dangerously reduce the thickness of ,the bark or, 
expose the sapwood to decay and insect attack. 

In conSidering stem damage Australian authors (Jacobs, 1955; 
Cremer, 1962) pay more attention to,phloem damage than American 
authors. It is quite conceivable that phloem tissues can be damaged 
without cambium damage, still giving rise to reduced translocation,. 

Similarly fire may kill leaves, buds, branches, roots, as well as 
portions of the stem cambium. If the damage is severe enough the tree 
may die. In the absence of death, all of these effects might be expected 
to cause a loss of growth, but this is not always the case (see below). 

Under conditions of low fire intensity, as experienced in prescribed 
burns, there may be no direct evidence of heat injury except for charring 
of the dead bark. However, there may be less obvious effects to, the 
normal physiological processes of ,the tree which require urgent 
investigation (Hare, 1961). In th~ eucalypts, there is' a great need to 
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determ.ine the conditions under which gum veins are formed. There is 
also some evidence that severe fire damage may cause a cessation of 
normal flowering and seed producti~n in blackbutt stands for a 
considerable time (Floyd, 1966). . 

4. THE MECHANISMS OF HEAT RESISTANCE 

It is recognized that tree species differ widely in their ability to 
survive the effects of fire. However, this variation in fire tolerance 
appears to arise from external factors since the thermal tolerance of 
hydrated protoplasm is much the same for all vascular plants (Hare, 

.. /1961) . 

The initial temperature of the tissue can be quite important in fire 
resistance, because it governs the amoup.t of heat required to reach the 
lethal temperature. Con'sequently, summer fires cause more damage 
than winter fires. However, Jacobs (1955) has suggested that gum 
veins are more likely to be formed after summer fires because of the 
increased risk of live bark shrinkage at this time which gives rise to 
bark cracks extending to the cambium. 

Generally relative fire tolerance may be explained by the thermal 
properties of the bark (and the thermal emissivity of the fol,iage) .. A 
study of the thermal properties of bark'has been suggested by Hare'(1961) 
and carried out by Kayll (1963)and Martin (1963). Martin examined 
thermal conductivity, specific heat and thermal diffusivity and found 
that most of the variation in bark thermal properties could be explained 
by density, moisture content and temperature regardless of species. 

Generally the growth stage and degree of hardiness exert a large 
influence on heat tolerance. Actively growing, well hydrated tissue is 
more sensitive than dormant and physiologically hardened tissue (by 
drought, frost, etc.). Age and size have always been regarded as related 
to fire tolerance, while foliage and bud scales may act as insulating 
material for the protection of buds. The amount of food reserves 
stored in the plant tissue is strongly related to the regenerative capacity 
of damage tissue but Hare (1961) suggests that there may be a direct 
physiological effect on heat tolerance as well. 

5. THE DETECTION OF HEAT INJURY 

Many of the direct physical injuries caused by fire are readily 
visible and have been used as a measure of heat injury and predicting 
mortality., The prediction of mortality is generally best if a combination 
of crown scorch and cambium injury is used. However, it may be 
necessary to wait a year or more to predict mortality accurately (Hare, 
1961). Cremer (1962) has distinguished between foliage colour changes 
of wilting trees caused by severe camb~al damage and the less harmful 
scorching of foliage in his studies of the Tasmanian eucalypts. 

The internal injuries to cambium and phloem are not easy to detect 
and there is a great need for a rapid non -destructive method of detecting 
the presence of dead cells within cq.mb;'um and phloem tissue. Cambium 
damage can be detected by discolouration (Cremer, 1962). by the use of 
stains such as tetrazolium chloride (Kay,U, 1963). tissue ,fluorescence, 
cytoplasmic streaming, enzyme activity and gas exchange. All of these 
methods are destructive in themselves but some success has been 
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achieved by measuring the electrical resistance of the cambium by a 
modified moisture meter and this technique appears promising (Hare, 
1961; Fahnsstock and Hare, 1964). However, even the insertion of 
fine meter probes could give rise to gum vein formation in some 
eucalypts. ' 

6. RECOVERY PROCESSES 

Species vary considerably in their ability to recover from fire 
damage and there are a number of mechanisms, often peculiar to the 
type of plant involved. Although these processes can be observed, tl,le 
physiological proc'esses and in some cases even the anatomical processes 
are not well-known (Hare, 1961). It is known that many of the eucalypts 
are extremely fire tolerant but this ability to recover after extensive 
damage is a mixed blessing to the forester since the actual recovery 
process often leads to a serious reduction in the value of the crop, and 
leads to extensive areas of insect attack and decay. Unfortunately, 
there has been little factual evidence gathered on this problem and the 
forester has little guidance in deciding to what extent his salvage 
operation should go. ' 

When the cambium is ~illed, 'callus tissue is formed on the'edge 
of the injured region and may eventually grow completely over the region. 
Exposed dead tissue is a ready source of insect and fungal attack. 
Normally this type of wound has no great effect on growth rate since 
phloem and xylem elements near the wound are quickly reoriented to 
favou:r passage around it. 

Damage to phloem results in the formation of a new periderm 
which cuts off the damaged one, thus causing a reduction in bark thick
ness making the tree susceptible to fresh damage. This process in the 
eucalypts is frequently associated with gum vein formation. (Jacobs, 
1955; Cremer, 1962). 

The formation of gum veins in the eucalypts is not restricted to 
fire damage, and the veins should not be regarded as actual fire injuries 
in the true sense. Rather, they are part of the recovery process which 
follows injury and probably play a direct role in preventing fungal and 
insect attack to damaged tissue. Nevertheless, they do result in a 
significant amount of degrade in sawn timb~r and the processes involved 
deserve more attention. There is as yet little agreement on the anatomy 
and physiology of their formation. (Jacobs, 1955; Jacquiot and Hervet, 
1954; Day, 1959; Cremer, 1962; Skene, 1965.) 

The scorched leaves of the crown are generally rapidly abscissed, 
and it seems possible that this premature abscission may lead to a 
nutrient loss from the tree (Hare, 1961). Refaliation of the eucalypts 
takes place rapidly from dormant or epicormic buds within the crown 
and along the stem, and is regarded as an auxin effect (Jacobs, 1955). 
When the crown has been rebuilt and apical dominance regained, the 
epicormic branches on the tree stem generally are occluded. This 
process also gives rise to the formation of gum veins and consequent 
timber degrade. 
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When the fire damage has been severe these epicormic buds may 
also be killed, resulting in the death of the branches and large portions 
of the stem. Frequently the epicormic buds protected by the thicker 
bark of the lower stem or protected in the soil will survive, resulting in 
completely new serial shoots. The associated dead stem remains as a 
constant danger for insect and fungal attack. 

An experiment to assess the importance of these damages and the 
value of various silvicultura1 treatments in a young b1ackbutt stand will 
be visit~d during the course of this conference. 

7. THE EFFECTS OF FIRE ON GROWTH 

The importance of characterizing a fire in terms of temperature 
and duration has already been noted with reference to fire injuries and 
similarly the rate of growth of trees and stands following a fire should 
be related to fire severity. This has rarely been possible in the past 
and is probably a major source of confusion in reported growth behaviour. 
Nevertheless measurement of subs equent growth is the most reliable 
method of assaying physiological heat injury and often the most practical, 
but sufficient time must elapse to give a true evaluation (Hare, 1961). 
However, changes in bark thickness which may result from burning 
requires more attention (Jacobs, 1955). although F10yd (1964) observed 
no changes in bark thickness in regularly burnt spotted gum at Glenugie. 
At present there is no really satisfactory, non-injurious method of 
measuring eucalypt bark thickness. . 

, 
The effect of fire on growth rate has been reviewed by Hare (1961) 

and F10yd (1964). In general there have been reports of increased, 
decreased and unchanged diameter increments, while curiously height 
appears to be more sensitive to fire in that losses have been recorded 
where no visible damage occurred. Normally growth losses have been 
related to severity of damage to the crown, tree size and age, but there 
are large differences between species and anomalies with respect to 
the degree of crown scorch. 

Loss in increment may be temporary only, eventually the loss 
being made up by stimulated growth after recovery. Some of the 
reported increases in diameter growth rate may be attributed to the: 
thinning effects of fire (Weaver, 1959). However, repeated experiments 
in thinning dense ponderosa pine stands by prescribed burning have not 
always given growth responses or negligible damage (Woo1dridge and 
Weaver, 1965; Lindemuth~ 1962), and it seems difficult to recommend 
this praCtice for this species. 

8. AUSTRALIAN EXPERIENCE OF FIRE EFFECTS ON GROWTH RATE 

There is only limited information on the effects of fire of varying 
intensity under Australian conditions. 

Harris (1956) gives plot details for prescribed burnt and unburnt 
stands of Jarrah (E. marginata) which indicate little difference between 
the two treatments. One major experiment has been reported from 
Queensland by Henry (1961) in mixed spotted gum (E. maculata) and 
grey ironbark (E. drepanophylla)" This experiment has shown an 
incr~ased diameter increment for the first five years on areas which 
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are annually burnt. Subsequently the increme;nts dropped off sharply 
and after ten years of burning the general situation has developed where 
the unburnt stands overall have produced more growth than stands which 
have been burnt annually. This effect has been tentatively explained by 
Florence (personal comm. to A. G. Floyd - 1964) as due to a rapid 
deterioration in the nutrient supplying power of the soils, which may be 
related to the ,killing of the N -fixing understorey. 

However the results of a third treatment in the experiment 
invol ving an initial burn and one four years later has shown an initial 
s~timu1ation of increment by burning which later settled down to a growth 
rate which was similar to the unburnt stands. The second burn had no 
apparent effect on increment. ' 

Floyd (1964) has reported a prescribed burning experiment also 
, in spotted gum (top height 60 1) at Glenugie S. F. in northern N. S. W. 

The burnt plot was burnt annually for 6 years and during this time the 
best 100 stems per acre grew only 0.60 inches in diameter compared 
wi~h 1. 12 inches by similar stems in an unburnt control plot. Because 
se'ctional area increment of a tree is generally linearly related to tree 
diameter, I have re-examined this data using the regressions of 
diameter squared increment on diameter for the select spotted gum 
trees in the two plots. Analysis has shown that the slopes of the two 
regressions can be regarded as being the same, but the intercepts are 
Significantly different (P O. 01) . 

These regressions reinforce Floyd's conclusion that there is a 
true difference in growth rates between the two plots to the extent of 
approximately 50%. However, because of the absence of replication it 
cannot be stated categorically that the difference has been caused by 
burning. Although the select stems in the two plots are remarkably 
similar in size, there are large differences between the plots in total 
stocking (burnt plot: N - 620, B.A. = 60; unburnt plot: N = 360, 
B.A. = 36), and it is as yet unknown whether these stocking differences 
might be expected to lead to the reported differences in growth. 

A prescribed burning experiment was commenced at Bellangry in 
i959, in 15-year-old blackbutt regrowth. Two plots were to be burnt 
as often as possible and two were to remain unburnt. However, burning 
,;Vas only successful in 1959 and 1964. The dominants and codominants in 
these plots (excluding the occasional older tree) have also been compared 
in a similar way, using the regressions of average annual diameter 
squared increment for the period 1959-1966 on diameter in 1959. None 
of the regreSSions were significantly different and in this case it is 
concluded that there is no evidence as yet that burning has affected 
growth rate. 

The average increments are given in the table below. 
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BELLANGRY BURNING EXPERllVIENT 

Plot No. D 1959 Diam. squared inc. No. of doms & 
codoms 

Burnt plots 2 9.15 5.08 8 

4 8.85 4.62 15 
means 8.95 4.78 23 " 

Unburnt plots 1 8.88 5.62 13 

3 8.33 3.73 16 
means 8.58 4.58 19 

Another pair of plots were established in a mature blackbutt stand 
on Way Way State Forest in 1961. One of these plots was burnt in 1961, . 
and again in 1962 but both plots were burnt by wildfire in 1965. There 
"app~ared to be little difference in growth rates between the two plots 
from 1961 to 1964. 

In 1951 a severe wildfire burnt Cb part of Burrawan State Forest, 
and subsequently in 1952 four plots were established in mature stands to 
represent the conditions of severe, moderate, light and no burning." As 
usual the plots have certain structural characteristics which make them 
difficult to compare, but some interesting observations can be made. 

The regression technique used in the previous examples was used 
for those blackbutt trees which were over 12" d. b.h. at the time of the 
first measurement (1952). While three of the plots produced typical 
regressions for the species in which diameter squared increment 
increases linearly with diameter, the severely burnt plot (Plot 1) did 
not show any relationship between increment and tree size. This plot 
is probably more uneven -aged than the other plots and this characteristic 
may explain this difference. However, it also seems possible that this 
type of behaviour is related to the degree of fire injury experienced by 
different individuals in the stand. 

The averaged diameter squared increments of blackbutt over 12" 
d. b. h. for the four plots were calculated for two growth periods, from 
1952 to 1959 and from 1959 to 1964, and related to the basal area per 
acre of the plots at the beginning of each period. These data are given 
in the table below. 

BURRAWAN WILDFIRE PLOTS 

Plot No. 1 2 3 
DamaR"e class __ ~ Severe Moderate Slight 
D 1952 (Bbt 12") 19.6 19.4 17.1 
BA total (1952) 79 94 135 
Diam squared inc. 9.85 13.46 8.98 

1952 -1959 
D 1959 
BA total (1959) 

"D2 "inc. 1959-1964 
Inc. 59-64/Inc. 52-59% 

21.3 
87 

18.51 
188% 

21. 6 
107 

17.03 
127% 

18.8 
126 (logged) 

13.51 
150% 

4 
Unburnt 

18.1 
125 

10.83 

20.1 
142 

11.47 
106% 
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FIRE DAMAGE OBSERVATION PLOTS - BARRAWAN STATE FOREST 
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The increments in the second period (1959-1964), when it might 
be expected that the effect of the fire had diminished, show a clear 
relationahip with basal area per acre in the usual way. In the f{rst 
period, however, only plots 2, 3 and 4 show'the normal trend and the 
severely burnt plot 1 shows a marked depression in increment. The 
increments for the second period have been expressed as a percentage 
of the first period to indicate the magnitude of these changes.' The 
unburnt plot had a fairly constant increment during both periods but the 
increment of plot 1 in the second period increas'ed to 188% of the 
increment in, the first period. 

Although there appears to have been a marked depression, initially, 
in the growth rate of the blackbutt trees over 12ft d. b.h., the depression 
is not quite so marked when the total stand increment in basal area per 
acre is considered. The periodic increment in basal area for the two 
periods, and the complete period from 1952 to 1966 are given in the 
table below. 

BURRAWAN WILDFIRE PLOTS 

Periodic total basal area increment 12er acre (S9. ft) 

Plot No. Av. BA/acre 1952-59 1959-66 1952-66 Inc. 59 -66 % 
Inc. 52 -59 

1 94 2.22 3~ 18, 2.61 143% 

2 111 2.56 3.00 2.78 117% 

3 142 2.51 3.51 3.01 140% 

4 144 2.65 2.64 2.65 100% 

During the period 1952-1959 the moderate and slightly burnt plots 
produced nearly as much total B. A. increment as the unburnt plot. Plot 1 
produced an average of 0.4 square feet per acre less than plot.4 annually. 
However, there has apparently been a substantial recovery after 1959. 
Over the complete 14 year period since burning, the severe and the 
moderately burnt plots have produced about the same amount of growth 
as the control plot, while the lightly burnt plot had a slightly higher 
growth rate. 

Some effects of wildfire on a southern pine plantation (approx. top 
height 20 ') in northern N. S. W. have been reported by Van Loon (in press). 
P. ellibttii proved to be much more tolerant than P. taeda as judged by 
survival and growth data. 

The trees in a number of plots were classified into five damage 
classes based on the amount of foliage consumed in the fire and on the 
degree of crown scorch experienced. In general, 95% of the three least 
damaged classes of P. elliottii survived the fire, and during the first 
three years immediately after burning the survivors in the two worst 
damaged classes grew at a reduced rate of diameter increment. However, 
during the next seven years all fire damage classes appear to have 
behaved normally. In fact the trees in the more severely damaged plots 
continued to grow at a faster rate than trees in lightly damaged plots or 
unbur:nt plots, but this behaviour can be explained as a response to the 
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thinning in these plots which was caused by the fire, rather than as a 
direct fire stimulus. Moreover, after the first three year depression, 
it was possible to show that within the one plot there was no ionger any 
significant difference in growth rates between damage classes. A 
similar situation exists with respect to height growth. Although the 
results of this investigation have shown remarkably few lasting effects 
of a quite severe fire on individual P. elliottii trees, the fire-caused 
thinning did in fact reduce stand denSity below the optimum for maximum 
basal area increment, so that overall there has been a reduced growth 
rate which is not directly attributable to the fire. 

9. SUMMARY OF N.S. Wo EXPERIENCE OF FIRE EFFECTS ON GROWTH 

The limited data on the growth of trees following burning in N. S. W. 
is not sufficient on which to base a prescribed burning policy. The data 
on the effects of a single wildfire in blackbutt and Pinus elliottii do 
demonstrate that growth rates of damaged trees tend to recover quickly 
and probably completely. In this sense the question must be asked 
whether the costs involved in prescribed burning designed to reduce the 
frequency and intensity of such wild fires are justified if the general 
savings in terms of growth are relatively minor. Again, the data available 
on the effects of prescribed burning are also meagre. No effect of two 
prescribed fires on blackbutt growth can be demonstrated over a period 
of seven years. However, in the case of spott~d gum an unreplicated 
plot which has. been burnt annually for six years has a rate of growth 
which is only 50% that of an adjacent unburnt plot. Obviously more 
intensive studies over a longer period of time are required before any 
clear picture is likely to emerge. 

During the discussion I have not consi~ered at length the effects of 
prescribed fire on mortality, not because it is unimportant but because 
once the tree is. dead its health and growth cannot be considered. Never
theless, for these species of eucalypt so far considered there is little to 
suggest that DlOrtality of trees over 20 feet high is significant. The 
mortality of smaller trees will be considered with reference to regenera
tion problems. However, the mere fact that the species being considered 
d? have a remarkable potential for recovery from damage, and that their 
hLOlogical growth rate may not be permanently or even temporarily 
affected means that any fire -caused damage or defect is permitted to 
exist and probably increase up to the time of harvesting with a possible 
overall reduction in the value of the forest yield. 

10. THE EFFECT OF FIRE ON VALUE GROWTH 

Obviou'sly the future value of regularly or occaSionally burned stands 
is of much more Significance to a timb~r p;roducer than the gross volume 
to be harvested. However, there is almost a 'complete absence of knowledge 
in this important field. 

It is generally acknowledged that the commercial eucalypt forests 
of Australia are extremely defective and that only a minor portion of 
total growth is eventually harvested and even less is finally used. That 
some fire injuries have contributed to this state is also accepted and 
some of the defects have already been mentioned briefly and their role, 
as well as that of secondary effects due to in~ect$ and fungi are tQ be 
discussed more fully later in this conferencei 
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Some of the growth plots already described or avaiiable which 
have experienced a wildfire have been under observation for some time. 
Visible defects such as scars, dead tops and epicormic branches are 
readily visible, and some data is available op. the persistence of 
epicormic branches, rapidity of crown recovery from defoliation and 
species differences.' Given sufficient time most of the more visible 
effects of fire tend to disappear. The position may arise at harvest 
time that logs may include visible and concealed defects which detract 
either from their stumpage value or sawn value. At this time it is by 
no means easy to relate defects with a definite cause and the whole 
problem of defect detection, growth, cause and value is quite complex. 
This research station is currently considering approaches, to a broader 
programme of research into this problem, which embraces all causes 
of defect, including fire. Major problems include the non-destructive 
measurement of internal timber defect, the measurement of defect 
increment, and the relationship between defect and recovery. 

The report of Humphreys (1964) has been reviewed by Floyd (1964) 
but the major conclusions are worth repeating again. 

The incidence of gum veins, termites., losses due to butt defects 
and general volume defect were recorded during a partial cut operation 
in a blackbutt stand on a regularly burnt firebreak and the adjacent 
occasionally burnt stand. All of these defects were significantly higher 
on the fire break and Humphreys concluded that these losses amounted 
to $1. 23 per acre p er annum in royalty· alone. There appears to be an 
urgent need for continued studies of this type, in other areas of known 
fire history. The problem still exists of relating value losses to fire 
characteristics. Henry (1965) examined the stumps of young blackbutt 
trees felled during the thinning of a young regrowth stand which had 
been control burnt earlier on. Using a knowledge of the measured 
growth rate since burning ceased he could not detect any relationship 
between the incidence of gum veins formed in wood which had experienced 
fire or formed in wood which had been laid down since burning ceased. 

11. RECOMMENDATIONS FOR AN EFFECTIVE RESEARCH PROGRAMME 

In summary of the previous discussions relating to tree health, 
growth and value as it is influenced by fire, it is quite obvious that 
much requires to be done. Although our r,ese!3-rch maybe past the 
purely observational stage, we are still in the position of requiring to 
know "What" happens when fires of certain intensities are used in our 
forests. Many of the problems faced now are essentially problems of 
technique. How can we efficiently characterize the essential nature of 
a fire whether it is prescribed or not? How can we detect changes in 
growth and the occurrence of injuries early on in the process? Assuming 
that reliable techniques exist or can be evolved, then at least these 
tools will be available for discovering why certain processes occur. 

As previoualy mentioned in the introduction of this talk, the 
ecosystem concept presents a framework within which detailed studies 
can be made and eventually related to the whole. It is for this reason 
that fire research requires the co-operation of a large variety of 
scientific disciplines at the planning stage. Experiments will be 
invitably concerned with the use of fire as a treatment and the changes 
which follow. It is essential to plan for all the pretreatment sampling 
required now. 
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With reference to particular problems involved in health, growth 
and defect studies the following facets appear to require particular 
attention. 

1. The physiological processes invoived in fire injury and 
recovery, e. g. changes in respiration, photosynthesis, 
translocation, auxins and enzyme reactions. 

2. The anatomical processes of gum vein formation, and 
epicormic development and senescence. 

~. Techniques for fire measurement (the possibility of 
characterizing fires by observation, high melting point 

,crayons or the use of thermocouples, with manual or 
automatic recorders). 

4. The preparation of lethal he'at time -temperature curves. 

5. The thermal properties of bark, as influenced by 
species and conditions. 

6. The non-destructive early detection of heat injury. 

7. The simulation of known fire intensity on individual 
trees, or small homogeneous plots (e. g. the propane 
torch method of Kayll, 1963, ,or the asbestos wick of 
Hare, 1965). /-

8. The non -injurious measurement of bark thickness. 

9. Intensive growth studies with adequate replication 
using many more tree and stand variables in order to 
isolate smaller effects which may be due to fire. 

10. The assessment and growth. of tree defects in general, 
their economic importance and relationship with fire 
history. 

11. Economic analyses of the cost and benefits of: 

(a) complete protection; 
(b) regular prescribed burning. 

It will be appreciated that some of the skills and facilities for 
conduding this type of research are not available at the present. 
Consideration should be given to the possibility of some of these 
projects being carried out by other institutions, or provision of skills 
and facilities under the present programme. 
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THE EFFECTS OF FIRE ON DESI~ABLE REGENERATION 

by Ro A. CURTIN 

1. Introduction 

In the previous discussion mention has been made of the role of 
fire in determinining the nature and distribution of forest associations. 
Despite some disagreement as to the eventual climax in the absence of 
fire (Gilbert 1959; Florence 1965)1 it is accepted that fire's in the past 
are responsible for large areas of valuable commercial tree species l 

both conifers and hardwoods, throughout the world. Consequently, it 
has been logical that man should use fire in an effort to reproduce these 
valuable so-called sub -climax species. In Australia the majority of 
wet sclerophyll species can be regarded as being of this type and much 
experience in the use of fire as a regeneration tool has been obtained. 
However, there has been a marked trend in recent silvicultural practice, 
at least on the North Coast 'of N. So W., to substitute mechanical methods 
of site preparation for past burning procedures. Consequently, it is 
proposed to consider the effects of fire in securing desirable regeneration 
compared with other methods available for some of the valuable species 
of this region. As part of the same g~neral problem some attention will 
also be given to the role of fire in altering species composition, prevent
ing regeneration or the halting of its development. 

2. Moist Eucalypt Types 

Apparently without exception, all of the moist types studied which 
develop a dense mesophytic understorey cannot be regenerated 
satisfactorily without some form of site preparation which exposes the 
mineral soil. This is so for E. regnans (Cunningham, 1960), E. 
delegatensis (Grose, 1960), E. grandis (Floyd, 1960), E. diversiolor 
(Loneragan, 1962) E. saligna and E. microcorys (Van Loon - in press). 
Fire and tractor c~earing are the two basic methods available to achieve 
this exposure, but because there is a complex interaction of many known 
and unknown factors which determine the success of a regeneration 
treatment, no one treatment is consistently better than the other. 

The early work on the regeneration of flooded gum (E. grandis) by 
Floyd (1960) was concerned mainly with artificial sowing onto burnt sites. 
However, one experiment allowed the comparison of burnt and unburnt 
sites in an area cleared by tractor and subsequently burnt. In general 
the burnt sites were more successful than the unburnt ones and this was 
attributed to the increased soil friability, moisture retention, and 
nutrient status. In a later review, Floyd (1962) pointed out that 
extremely hot fires which resulted in "baked soils ", as well as light 
fires were not as satisfactory for seedling establishment as the typical 
charcoal seed bed. Moreover, the charcoal seed bed produced seedlirigs 
of a greater dry weight than the other types. 

The effect of fires on the physical and chemical properties of 
soils is itself quite complex and will be discussed as a separate topic 
during this conference. Howev~r, it can be said that the heavy fuels 
burnt in these moist types commonly give rise to typical "ash -bed" 
effects. Sometimes these ash beds rege:p.erate to the desired species 
and sometimes they are colonized by very vigorous weed species. 
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The general effect of this type of fire is to stimulate the growth of both 
the desired species and w~eds with varying re~ults. 

The burning and sowing technique developed by Floyd was 
remarkably successful for regenerating flooded gum: around the Coffs 
Harbour area. where this species has a growth rate which enables it 
to compete favourably with the weed popula.tion. However, its application 
to other species or other regions was not always successful, very often 
because of the density and composition of the weed population which 
burning produces. Under these circumatances the use of tractor clearing 
in place of fire has gained favour and Van Loon (in press) has compared 
both "methods with respect to the tallowwood-blue gum type. In his 
discussion he states that fire cannot always be used at the desired time 
because climatic conditions may be too wet or too dry. There is a 
serious risk of destroying seed trees. or the fall of scorched leaves 
forms an unfavourable seed bed. Weed growth is stimulated which in 
turn attracts destructive browsing animals. On the other hand tractor 
clearing results in a less dense growth of weeds. with the seed bed 
remaining receptive for longer periods. It can be timed to suit 
administrative and silvicultural requirements. In general there are 
fewer initial germinates on the tractor cleared site but subsequently a 
larger number of seedlings become established. However, there is a 
substantial reduction in height growth on these sites. These general 
trends can be seen in the table below which summarizes the results of 
a number of experiments in the tallowwood/blue gum type. 

% Tallowwood Stocking at age: 
Mean Height 

Treatment 6 months 15-18 months 27 -30 months 30 months 

Tractor clearing 33 46 39 2.3 

Burning 40 36 31 -4.5 

An economical development of this work has become known as 
"snig track extension" in which no attempt is made to completely clear 
the site but still create a well distributed favourable seed bed over 
much of the area. Although it is possible to burn between the snig 
tracks. thus increasing the area available for regeneration, Van Loon 
only recommends this when less than 50% of the area has been tractor 
cleared because of the induced weed growth which can then invade the 
narrow tracks. 

Burnt sites do not always stimulate growth. Knight (1965) has 
recorded decreased diameter and height growth for Douglas Fir planted 
on sites where the slash had been burned. Florence (1964) has noted 
the failure of blackbutt germination on particular soil types after burning 
and Attiwill (1962) has demonstrated a toxicity in soil which arises 
when heated at 1500 C or 300oC. 

On the other hand the use of fire may have particular beneficial 
effects. Grose (1960) has demonstrated that alpine ash seedlings are 
frost-resistant when grown on ash beds. and Lutz (1960) has shown that 
fire increases the depth to permafrost in Alaskan soils. 
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The role of fire in influencing the density and composition of the 
competing weeds has received some attention. Cunningham and Cremer 
(1965) have noted that fire accelerates but is not essential for the 
germination of ground stored seeds. Tractor clearing allows their 
germination but the resulting understorey is not as dense and its 
composition may differ to that of burried sites. They considered that 
some degree of understorey control could be achieved by either multiple 
burning or managing the browsing population. 

The stimulation of germination by fire of the soil-stored species 
has als'o been observed. by Gratowski (1961) for American brush species 
and Floyd (1965) for the moist hardwood types of northern New South 
Wales. Floyd found that the total production of weeds on sites which 
had been burnt twelve months previously amounted to 1343 Kgms 
(O.D. Wo) per acre compared with 392 Kgms on tractor cleared sites. 
Moreover the species arising on burned sites were able to compete 
more effectively with desirable regeneration than the annuals produced 
on the tractor -cleared site. 

Floyd (1956) also found interactions between burning intensity, 
the breaking of seed dormancy and the depth to which their seeds were 
buried, for the three more serious weeds of the region. 

This type of study may eventually lead to a more judicious use of 
fire intensity and timing in the control of weed species. In the mean
time the forester has tended to favour tractor-clearing in this region 
(when this is possible) and increasing use is being made of seedlings 
raised in jiffy pots which give more consistent stockings of the desirable 
species with a competitive advantage ovet germinating weeds. 

3. Dry Eucalypt Types 

The drier eucalypt forest types are characterized by an under
storey which is typically sparse but inflammable, and in which a large 
number of lignotubers may be present at all times. However, some 
types have been observed to develop a relatively dense understorey of 
rain forest elements under conditions of complete fire protection 
(Henry, 1961). 

As a general rule no special site preparation is required to 
establish the lignotuberous regeneration, which later responds to 
openings in the canopy or reduced competition by assuming 11dynamic If 
growth. (Harris, 1956; Van Noort; 1960). Frequently this type of 
forest is in an uneven-aged condition and presents special problems 
with respect to the widespread use of prescribed burning for hazard 
reduction and its effects on the development of lignotuberous advance 
growth. Van Noort (1960) and Harris (1956) have studied the development 
of the jarrah lignotuber. Once the.seedling is established the developing 
lignotuber becomes extremely hardy and fire -resistant but the lignotuber 
does not immediately develop an upright single stem. This sprawling 
aerial habit of the lignotuber may persist for over 24 years until the 
lignotuber becomes sufficiently large (about 41' in diameter) to take 
advantage of the temporary redq.ction in competition caused by fire or 
logging. 
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Henry (1961) has observed similar circumst'ances in the development 
of spotted gum lignotubers and it may well be that jarrah behaviour is 
fairly typical of a large number of species occupying the poorer sites 
(Curtin, 1961). " 

Although fire may have some role in stimulating the initiation of 
a "dynamic" shoot, once this shoot commences to develop, the stem 

" " 

must be protected from fire until it has grown beyond the damaging 
effects of prescribed burns. This stage may require protection for a 
number of years until the stem is 20 feet high. During this protection 
period many of the advantages of prescribed burning may be lost with 
an increased development of competing weed species and a large increase 
in the quantity of fuel. 

The influence of fire on the "dormant/! stage of the iignotuber has 
not been sufficiently stUdied. Henry (1961) has observed a 300/0 mortality 
of spotted gum lignotubers during long periods of annual burning. It 
seems possible that regular burning may delay the eventual production 
of dynamic growth. 

4. The use of fire in the E. pilularis type 

The blackbutt type is intermediate between the moist and dry 
types and its distribution overlaps both understorey conditions. The 
species does not have a true lignotuber but seedlings develop a swollen 
carrotty tissue at the root-shoot junction which apparently performs 
most of the functions of a lignotuber. " 

Although it is not always essential to provide an expo~ed mineral 
seed bed for the successful regeneration of this species studies have 
shown that if this is done superior est~b1ishment results. In a 
comparison of tractor-clearing "and burning techniques on Pine Creek 
State Forest, Floyd (1962 b) stated that although burning produces more 
germinates initially, the tractor-clearing resulted in more established 
seedlings in the long run (a similar result has already been mentioned 
in the case of tallowwood). Another study on Burrawan State Forest 
was not conclusive on this point but there' was a tre?d for burning to be 
superior on the poorly drained sites (Floyd, 1966). In this experiment 
no one treatment could be regarded as satisfactory and it appeared that 
some unknown site factor was having an adverse effect on the survival 
of blackbutt germinates. Such an effect could be caused by the non
availability of certain nutrients (Attiwill, 1962; Pryor, 1963) or direct 
microbial antagonism of the developip.g seedlings (Florence and Crocker, 
1962) and this is currently fueing examined. 

Florence (1964) has reviewed the Queensland experience in 
burning for blackbutt regeneration. Excellent results we"re conSistently 
obtained on the sandy soils of Fraser Island but on the yellow podsolic 
soils of Cooloolabin State Forest burning was most unsatisfactory in 
that germinates failed to establish on burnt soils. 

Florence has suggested that this is probably due to the nutrition 
or antagonism mentioned above. In the case of both Burrawan and 
Cooloolabin the small experimental units and the understorey densities 
did not allow high temperatures to be created during burning, so that 
these low intensities might not be expected to reduce the toxic effect 
observed. However, in the case of the Cooloolabin experiments 



40 

satisfactory establishment was obtained on snig tracks and heavily 
disturbed soils, which was not the case on Burrawan State Forest. 

Although extensive areas of fire -caused blackbutt regeneration 
exist, it is obvious that the problem is complex and requires more study. 
In the moister blackbutt areas, the usual moist hardwood treatmerits of 
either tractor -clearing or hot burns have been generally satisfactory. 

5. The Significance of Blackbutt Advance Growth 

The regeneration investigations of Floyd (1962) drew attention to 
the fact that the final stocking of t.ree species at the conclusion of his ' 
study a;mounted to about 800 stems per acre about 4 feet high resulting 
from germinates during the experiment plus another 800 advance growth 
stems over 10 feet high which had been present on the area prior to 
treatment and were clearly dominating the site. These advance growth 
stems included coppice shoots and lignotubers but an appreciable number 
of blackbutt stems was involved. Subsequent investigations in the Taree 
district have shown that these advance growth blackbutt stems occur 
normally throughout large areas of mature and over-mature forest. In 
this state they tend to remain dormant, lying partially concealed in the 
bladey grass understorey, with a few unhealthy juvenile leaves on the 
stems, which show signs of repeated dying back and subsequent 
regeneration. The age of this advanced growth is not known, but they 

, can obviously survive in this state fdr many years. However, on release 
by logging operations these stems quickly assume dynamic growth and 
grow much faster than germinates which arise as a result of seed bed 
preparation. It has become obvious that this advance growth is probably 
the major source of regeneration arising from the group selection 
management of these forests. ,Consequently there is an urgent need to 
study the conditions under which they arise, the reasons for their absence 
in some areas and their reaction to repeated prescribed burning which 
is often carried out to reduce the fuel under mature stands. 

A preliminary experiment has been commenced on Burrawan State 
Forest where approximately 100 of these advance growth stems have 
been located on each of four blocks, which were ready for logging. The 
average height of these stems was less than 2 :feet. Two of the blocks 
were prescribed burnt in the spring of 1965, resulting in a survival of 
53% o~ the stems. 

Although this cannot be regarded as a good survival it is surprisingly 
high for such small non -vigorous stems of a non -lignotuberous species. 
Recovery was normally by the production of epicormic shoots from the 
swollen root-stem storage tissue. One burnt block and one unburnt block 
were subsequently logged and the date on survival and height as at 
September, 1966, are presented in the table below. 

Logged Not Logged 
% Survival Height % Survival H',...--ei:--Il"::"h-t-----I-; 

Burnt 40% 1.5 ft 54% 1. 5 ft 

Not burnt 7 4% 2.5 ft 93% 2.8 ft 
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These observations, as well as observations on the production of 
germinates which may form dormant advance growth will coritimie. 

A further example of the fire tolerance of young blackbutt was 
obtained when jiffy pot seedlings planted on snig tracks in February, 
1966, were severely scorched by a wildfire in June, 1966, wh~n they 
averaged 1. 2 feet in height: 730/0 of those plants which experienced 
more than 95% scorch have now produced new shoots and should recover. 

No doubt the factors of winter burning and some protection 
afforded by the snig tracks have resulted in a rather high recovery. 

6. The Control of Species Composition.by; F.ire 

In some American mixed pine -hardwood stands, .regular burning 
can be used to exercise some degree of control over the undesirable 
hardwood species which are less fire tolerant than the pines (Lotti, 1962) .. 
However, the majority of preferred species in the eucalypt types are 
considered to be less tolerant of fire than the undesirable species. 
Prescribed burning may damage the desirable species sufficiently to 
allow an undesirable species to become dominant. Floyd (1964) cites 
the case where a regeneration area of 4-year-old E. laevopinea and 
E. viminalis experienced a light prescribed fire which caused the 
favoured E. laevopinea to become subdominant to the more resistant 
E. vim~nalis because the crowns were burnt back further. 

Where regeneration has not yet been established (usually in the 
moister types) J then obviously fire or tractor clearing can be used at a 
time which coincides with seed shed of the desirable species rather than 
any unwanted components of the stand. However, in the case of blackbutt 
types it is essential to determine if there is already an adequate stocking 
of advance growth. Under these circumstances it appears that burning 
is not required to ensure regeneration and the use of fire would qui~e 
readily lead to reduction of the desirable advance growth and favour the 
more resistant lignotubers. 

it is generally agreed that once satisfactory regeneration has been 
obtained then a period of complete protection from fire is necessary 
until the stands have grown large enough to resist damage. Although 
many of the eucalypts can survive fire, their burning back to ground 
level is quite common. The situation could arise, and most probably 
has arisen in the past, where regular prescribed burning, although 
perhaps not obviously affecting the health and growth of the larger, 
more obvious components of a stand, will consistently halt the develop
ment of the less obvious but nevertheless important smaller size classes. 
This situation must invariably lead to abnormal size class distributions 
and difficulties with sustaining yield. ' 

The provision of this protection period is administratively and 
technically simple in the case of even-aged stands, but it may be very 
difficult to achieve in uneven -aged forests on which preElcribed burning 
is practised. 

I venture to suggest t~at this prqblem has been largely ignored or 
relegated to a position of minor importance by many foresters engaged 
in prescribed burning activities. 
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EFFECTS OF FIRE ON UNDERSTOREY VEGETATION 

By A.P. VAN LOON 

It is generally accepted that fire influences the' flora and fauna of 
a community. The intensity and frequency of fires, the number of 
each species surviving each fire and the capacity of each species to 
regenerate 'after a fire will dictate the extent of the' change in plant 
ecology. 

"Many ecologists recognize the existehce of a fire sub -climax, in 
which certain timber types owe their existence to periodic fires that 
prevent taking-over by the climax type." (Hare, 1961.) 

Cremer (1960) discussed in some detail the published views on 
the ecological significance of eucalypts in rainforest and his conclusion 
that the existence of any individual stand of mixed forest must be 
eXplained by fire (or disturbance) is a widely accepted one (Baur 1962, 
Jacobs 1955). 

Gilbert (1959) went further than this and devised a key for moderate 
to high fertility soils in Tasmania based on fire frequency, e. g. 

1. 

2. 

3. 

4. 

Unburnt 350 - 400 years 

Burnt infrequently (Fire 
interval less than 350 years) 

Fire frequency once or twice 
per century 

Still more frequent fires 
(interval 10 - 20 years) 

Climax condition (temperate 
rainforest) 

Mixed forest (understorey of 
rainforest species) 

Eucalypt forest (understorey of ' 
Pomaderris, Olearia, Acacia, 
instead of rainforest species) 

Will not only prevent progression 
to mixed forest but will 
maintain E. obliqua and 
E. gigantea at the expense of 
E. regnans 

Florence (1961) rejects Gilbert's fire hypothesis as an explanation 
for a gradient in blackbutt communities. He 'states: "Evidence of 
changing vegetational patterns must be subjected to a most searching 
examination. Almost without exception hypotheses concerning the 
eucalypt - rainforest relationship have no firm basis in knowledge or 
even appreciation of the habitat requirements of individual species, or 
of the interrelationship of species and community or of the interrelation
ship of community and habitat. " 

In a subsequent paper (1964) Florence discusses the relationship 
between blackbutt communities and rainforests and claims that the 
distribution of blackbutt is limited by physical properties of the soil. 
While recognizing that Eucalypts will not re'generate within a well
developed rainforest element understory he seriously doubts if factors 
of the environment will be. adequate to enable a rapid and widespread 
development of self-perpetuating raipforest following death of the 
dominant stratum in much of the mixed forest in eastern Australia. 
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,Cunningham (1960) compared the difference in understorey 
vegetation under Eucalyptus regnans between Tasmania and Victoria 
and suggested that the more frequent fires in Victoria may be largely 
responsible for the confinement of rainforest element understorey 
(common in Tasmania) to moist gullies, in isolated parts of Victoria. 

Henry (1961) contrasts the understorey under spotted gum -ironbark 
associations near Maryborough, Queensland prior to the advent of forest, 
management, when the forest was regularly burnt, to that after a policy 
of complete protection from fire was adopted~ 

Regular burning in late winter (to favour grass production) created 
'relatively open forest conditions while complete protection was followed 
by a rapid development of an understorey of woody weeds, in many 
places dense enough to preclude establishment of regeneration of the 
more desirable species. Henry suggests that complete protection could 
eventually lead to the replacement of the present valuable Eucalypt 
community by an inferior type of dry rainforest. 

After eight successive annual burns between 1952 and 1960 he 
concluded that burning had given considerable control of the major weed 
species involved, wattle and lantana. In general the effect of fire on 
weed species appeared to be control without a great reduction in the 
actual population. 

Costin (et al. 1959) studying catchment hydrology in the Australian 
Alps, reported that frequent (unspecified) burning changed ground 
vegetation from herbaceous sward to a community of fire-resistant 
shrubs, which increased the inflammability of the forest. It was 
estimated that a period of 30 - 40 years pf complete protection was 
needed to restore the forest floor to a condition approaching the original 
grassy floor. 

Jacobs (1955) referring to the undergrowth of the unburned forest 
writes: "If a fully stocked forest is protected, any fire weeds will pass 
through their life cycle in 10-25 years and gradually disappear. They 
may be superseded by a lighter crop of tolerant weeds. Even in fully 
stocked forests of such species as E. pilularis and E. fastigata there 
will be little undergrowth. However, in the forest of very high quality 
such as E. regnans, tolerant understorey trees and shrubs will thrive 
under conditions of complete protection. In the end they would capture 
the site from the eucalypts. " 

Preliminary observations from studies related to fuel accumulation 
carried out as part of fire effect studies recently originated in Taree 
indicate that as basal area of a stand increases. the fuel component 
consisting of minor understorey vegetation, such as grasses and bracken 
decreases. 

Unburned thinning trials included in this study tend to show that 
as basal area increases so does the total amount of litter on the forest 
;floor. The "grass" component, however. is considerably less in 
unthinned stands (mean basal area 156 sq. ft) than in thinned stands 
(mean basal area 99 sq. ft). See Graph 1. 
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Whether this decrease is caused by competition for light, moisture, 
nutrients, or a combination of these or other factors, 'is not known. 

No difference could be detected in the frequency or distribution of 
taller ,(m'ajor) understorey species such as Lantana, Persoonia, 
Casuarina, dodonea, etc. in thes'e plots of varying basal areaS. It is 
estimat'ed that 200/0 of the ground area of both thinned and unthinned 
plots is covered by canopy of species in this stratum. This observation: 
'surprises and,no explanation is offered here. The "opportunity to c,ontrol 
an inflammable understorey component by means of stand manipulatio:r:t 
'will not often present itself. 

The use of fire appears to be a more practical method to alter 
the nature and denSity of understorey vegetation. However, it must 
be stressed that little evidenee exists to sugg.est the extent or desirability 
of any change which could thus be incurred in any of the major forest 
types on the New South Wales North Coast. 

The number of fires, their intensity and the interval between them, 
required to maintain a change which might be considered desirable are 
not known. The nature and past history of the understorey, the site, 
stand age and density, and climate can all be expected to affect the result. 

A rough example of what may be expected in relation to fire";" 
induced understorey changes can be obtained from a frequent fire stl,ldy 

'commenced in the Bellangry Management Area in 1959 under an even
aged 'blackbutt stand of 1944 origin. 

In this 'experiment two plots (each 100 ft x 50 ft) were randomly 
selected for burning whenever fuel build-up permits, while two adjacent 
plots of equal dimensions serve as unburnt controls. 

The, area was primarily selected for the homogeneous ,nature of 
its understorey and to date the plots selected for burning have been 
subject to two fires (1959 and 1964). 

In t?is period a considerable change has occurred in the unde'r
storey. In the lower vegetation stratum, grasses, bracken, etc. control, 
plots carry 1,290 lbs/acre (oven dry weight) of live and 1,357 lbs of 
dead vegetation while corresponding figures for the burnt plots are 716 
lbs and 318 lbs / acre respectively (mean of 16 sq. ft random samples 
for each treatment, June, 1966). Thus two years after the second 
fire the burnt plots carry only 39% of the total lower stratum 
vegetation occurring in the control p~ots. ", 

Transect lines recently installed in these plots tend to show a 
marked change in species composition between treatments also. 

In July, 1966, four hundred measurements on understorey species 
compositio;). were ma.de in each of the two treatments, using the method 
described by Parker and Harris (1959). Summaries of these measure
ments are presented in Table 1. 
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, TABLE 1 

Showing percentage of observation points 
occupied by live understorey in both lower 

and higher strata 

Control Plots 

Lower stratum. 
a. bladey grass 4.2 
b. bracken 47.0 
c. all species 70.0 

Higher stratum: shrubs such as 
Synoum, Cryptocarya, Acacia 25.0 

Burn Plots 

17.0 
35.0 
65.0 

4.0 

These figures seem to indicate that burning has increased· the 
,p~rcentage of bladey grass and decreased the percentage of bracken in 
the lower understorey, while the occurrence of woody understorey 
species such as Cryptocarya, Acacia and Synoum has been drastically 
reduced by the use of fire. ' 

In evaluating low vegetative cover the first requirement is the, 
decision which characteristic to measure and how, a mere taxonomic 
species list does not assume much importance. 

A check list of understorey species occurring in one growth plot 
at Burrawan S. F. lists 33 understorey species, distributed over 21 
families. Many of these species have widely differing growth habits -
they include grasses, shrubs and vines. 

The volume of a tree or forest stand may be estimated indirectly 
by measuring related characteristics sj.lch as diameter, 'height, form 
class, etc., but no' such easily ( ?) mea:surable characteristic are 
available for understorey evaluation. 

Most ecological analyses are based on one or more of the following 
criteria: 

Frequency of occurrence, number of individuals, area covered or 
weight - the sample unit being areas, lines or points. 

The criteria measured and the method by which the measurements 
are made are generally governed by the objectives of the investigator. 

In this regard, it must be emphasized that "fire effects on under
storey vegetation" forms only one aspect of our small fire research 
programme, and the time and resour~es we can devote to these studies 
are limited. 

Rather than designing experimental series to specifically test 
fire effects of the extremely variable understorey found in a variety of 
North Coast forest stands, it is our intention to observe understorey 
vegetation changes in as many experiments involving fire as possible. 

We therefore need a technique which is not too time-consuming, 
anc;:l which is capable of indicating the nature and extent of any major 
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change. The three-step method devised by Parker and Harris is 
reasonably simple and especially designed to indicate changes in under
storey at periodic intervals. 

, Step.1 consists of the measurement of vegetation by m~ans of a 
~ -inch diameter loop at 100 random points along permanent transect 
lines: 'At each point the decision is mp.de whether the loop is occupied 
by live or dead minor understorey veget~tion by species,and/or covered 
by the live or dead crown of shrubs or major understorey by species. 

Step 2 is the preparation of a ,simple summary of transect line 
measurements on a scorecard. 

Step 3 consists of two key colour photo~raphs per transect line, 
one a general type photo and the other a close -up taken from the same 
point. The, two photos form a visual record of part of the elements 
measured in Step 1. 

The 3 -step method provides a rather'simplified ecological 
analysis. Many ecologists have pointed out its shortcomings, basal 
area and cover are overestimated (Johnston. 1957; Hutchings and 
Holmgren. 1958) and species with ground cover of less than three or 
five percent require substantially larger samples (Heady et al.. 1959). 

However. the percentage exaggeration remains broadly constant 
for anyone species and so will not affect comparisons between cover 
values for the same species in different communities (Greig-Smith. 
1964). while it is not our intention to evaluate fire effects on any other 
than relatively abundant understorey species. 

Its. main advantages are the ease of reproduding the 10ft sections 
of each transect line, the speed at w;hich field observations can be made 
(e. g. 10.0 observations per hour per two-man team) and the simpliCity 
of preparing the simple summary on the scorecard. In addition the 
photos or colour slides taken at each periodic measurement are of 
great value for demonstration purposes. 

An appropriate statistical analysts to determine the standard 
error for transect measurements is currently being considered, while 
results of a trial conducted to determine differences between different 
observers and between repeated assessments for each observer are in 
the process of being analysed. 

The method has been used since April, 1966, as part of studies 
into fuel accumulation and 18 transect lines established have now been 
assessed three times each. In this study we will attempt to relate 
density of understorey vegetation as assessed by the ~" loop with the 
live and dead vegetation fraction of litter samples which are collected 
at three monthly intervals and oven dried. 

Insufficient data are available to date to test the validity of 
observations. However, transect summaries so far show a 20 percent 
decrease in live vegetation density between April and October, 1966, 
and a 17t% increase in dead vegetation for the same period. 

Oven dry weights of dead and live understorey samples show a 
similar trend for 2 intermediate measurement periods (see graph 2). 
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If the 3 -step method is adopted to observe changes in understorey 
vegetation caused by fire it is recommended that a minimum of 2 
transect lines be installed per plot. Assessments would not need to be 
carried out frequently and annual assessments will probably suffice, 
provided care is taken to repeat measurements at approximately the 
same st~ge of plant growth. 

Baur, G.N. - 1962 

Costin, A. B. - 1957 , 

Cremer, K. W. - 1960 

Cunningham, T.M. - 1960 

Florence, R. G. - 1961 

Florence, R. G. - 1964 

Gilbert, J.M. - 1959 

Greig -Smith, P. - 1964 

Hare, R.C. - 1961 

Heady, H. F. et aI- - 1959 

Henry, N. B. - 1961 

Hutchings, S. S. and 
Holmgren, R. C. - 1958 

Jacobs, M. R. - 1955 

BIBLIOGRAPHY 

Forest vegetation in North Eastern N. S. W. 
For. Comm. of N.S. W. Research Note 
No. 8. 

High Mountain Catchments in Victoria in 
rela don to Land Use. 
Soil Conservation Authority, Melbourne. 

Eucalypts in Rainforest. Aust. For. 24 
No. 2: 120 -26. 

The Natural Regeneration of Eucalyptus 
regnans. Bulletin No. 1, School of 
Forestry, ,Uni. of Melbourne. , 

The ecology of blackbutt. Ph. D. Thesis, 
U ni. of Sydney. 

Edaphic Control of Vegetational Pattern 
in East Coast Forests. Proc. Linn. Soc. 
N. S. W. 89 part 2, 171-190. 

Forest Succession in the Florentine Valley, 
Tasmania. Papers and Proc. Royal Soc. 
Tasmania. V61. 93, 129-151. 

Quantitative Plant Ecology. London. 

Heat Effects on Living Plants. U.S~ For. 
Serv. Southeast For. Expt. Stat. Occ. 
Paper 183. 

A comparison of the charting, line 
intercept, and linepoint methods of 
sampling shrub types of vegetation. Journ. 
of Range Man. Portland 12( 4) . 

Complete Protection versus Prescribed 
Burning in the Maryborough Hardwoods. 

_ Qld. For. Serv. Res. Note 13. 

Interpretation of loop frequency data as a 
measure of plant cover. Ecology, 40, 
668 -677 . 

Growth Habits of the Eucalypts. For. 
and Timber Bureau, Canberra, A. C. T. 



Johnston, A. - 1957 

J.:'arker, K. W. and 
Harris, R. W. - 1959 

52 

A comparison of ,the line interception, 
vertical point quadrat and loop methods as 

. used in measuring basal area of grassland 
vegetation. Canada J. plant Sci. 37, 34-42. 

The 3 -step method for measuring condition 
and trend of forest ranges', a resume of 
its h~story, development and use in: 
Techniques and Methods of Measuring 
U~derstor~y Vegetation. Forest Service, 
U. S. Department of Agriculture. 



53 

SOME EFFECTS OF FIRE ON PLANT NUTRIENTS 

By F. R. HUMPHHEYS 

When fuel is ignit~d above soil with a profile similar to that 
illustrated in Fig. 1. a number of changes occur which are important to 
the nutrition of plants. The changes which are discussed ih this report 
will be confined to those which have been shown to occur in the chemical 
properties; others. such as those involving microbiological phenomena. 
will not be discussed. 

Al. 

-- --------

rs 

Figure 1: A soil profile of the type often found 
under New South yvales forest stands. 

A fire with sufficient intensity to completely burn the Aoo and 
Ao material will result in the loss to the nutrientcyc1e of virtually all 
the nitrogen and almost all the sulphur which are 'present in these 
horizons. The other important nutrients will remain in the ash from 
the fire and will be incorporated in the soil in due course if they are 
not physically removed. They will re -enter the soil in an inorganic 
form which is generally more readily available to plants than the organic 
form with which they were associated before the fire. The relative 
importance of this event to the nutrition of the plants growing in the soil 
must be considered for each situation separately. These horizons 
would contain almost the total nutrient capital in a profile which consists 
essentially of a heavy organic layer over pure sand. On the other hand. 
the organic layer would be of negligible importance on a heavy mineral 
soil. well supplied with plant nutrientE!; its bulk density is often less 
than 20 lb/cu. ft whereas the mineral soil is generally more than 90 
lb / cu. ft; its nutrient content will depend very much upon the species which 
have contributed towards its formation. but it will usually be a better 
source of some nutrients than the mineral soil (on a W /W basis) in most 
forest situations. 
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The layer under the Ao horizon will be heated to a greater or 
lesser extert ,depending upon the type of fire. As it is basically a 
mineral horizon l it will not itself support combustion. This is not to 
say that it contains no organic matter; on the coritrary I 'it almost 
invariably does l but this may be 20/0 or less. The temperatureS reached 
at various depths in this part of the soil have been measured by a 
number of workers in recent years.' These measurements are all 

'ba'sically in agreement and have similar features even though they have 
been carried out using instrumentation which has differed considerably 
in level of sophistication. Two aspects of results obtained by myself 
using a manually operated potentiometer and buried thernlOcouple set up 

, are illustrated in figures II and Ill. 'The first of these shows the maximum 
temperatures reached at various soil depths under different types of 
fires ranging from a 10ft heap of logs to R small brush fire. In the 
second, two examples are given of the manner in which these temperatures 
are maintained at these depths over a period of time.: The maximum 
rea ch ec:( are influenced by: 
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(a) the weight of fuel fired, its calorific value, and the 
extent of which it burns away; 

(b) the amount of ash deposited on the surface which, in turn, 
is markedly affected by the velocity of the wi~d blowing on 
the bed of the fire, the structure 6f the fuel bed, and the 
nature of the fuel; 

(c) the moisture content of the soil, there being a well marked 
lOOoC maximum as the water front moves downwards into 

. the cooler part of the profile; 
(d) in certain cases, a factor Which caU$es a plateau' 

I have examined the changes brought about in the nutrient status of 
soil when it is heated to various temperatures such as those illustrated. 
The results of this work are summarized as follows: 
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Nitrogen 

There was a slight apparent gain in total nitrogen (0, D. soil basis) 
. ,0 ' ' 

as the temperature rose to. about 200' C; but for samples treated at 
. higher tem,peratures there was a sharp decline, until very little nitrogen 
. remained at 500°C (0.020/0 N) (figure IV)., The apparent rise in total 
nitrogen between 100° and 2.o00C can be attributed to the loss from the 
soil of bound water and oxidation products of the heated organic matter, 
without commensurate nitrogen 16ss. ' , ' 
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On the other hand the ammonium . nitrogen content more than doubled 
at 150°C and continues to increase until, between 250°C and 3000 C, a 
maximum value was reached at a level seven times that of the unheated 
soil. The drop in ammonium nitrogen was quite marked subsequent to 
this, becoming ver6' low indeed at 5000 C. The increase in ammonium 
nitrogen in the 250 -3000 region is equivalent to an addition of about 
700 lb ammonium sulphate per acre. 
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pH and exchangeable bases· 

pH. both 1/1 soil-water and 1/5 soil-NKCI showed little or no 
change up to 200°C. After this there was a 'marked increase with the 
400°C and 500°C samples showing a complete loss of acidic properties 
(Fig. V). The rather sharp decline in eXChangeable Al in the 200°C. 
region does riot appear to be reflected in the pH although subsequent to 
this ( 200°C) these properties vary inversely as might be expected. 
The ret~ntion of organic acids which res'ulted frol;D. the oxidation of the 
organic matter may account for this. Potassium and calcium slowly 
declined· with temperature increase with the calcium sharply declining 
between 300° and 400°C from a quite high to a very low level at 400°C. 
Magnesium declined in much the same way as Al reaching very low levels 
at and after 200°C. although some was still retained at 500°C. Sodium 
could not be shown to change at all, nor coUld the soluble salts. 
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PI}. oSRho rus 

The "total" phosphorus level was quite insensitive to heat within 
the range of temperatures tested. The variation in an upward direction 
with th~ higher temperatures (Figure VI) can be ~ttributed to the loss of 
combined water and organic material from the soil as the temperature 
increased. 
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FIGURE VI 

F,or forestry purposes it is convenient 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 whe~ soil is heated is illustrated. 

! 

" 
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, Each inorganic fraction generally showed an increase with every 
rise'in temperature until at 5000 C the total 6f the three fractions was 
approaching the "total" phosphorus. 'On the oUler hand, the "organic" 
fraction declined to zero at 400oC. The ,individual inorganic, fractions 
differed sorp.ewhat in their rate of increase. The A1 - P component, 
which was less than the Fe - P in the untreated s'oil, increased more 
rapidly than the other two and was the major fr;a.ction between 1000 C 
and 4000 C; after this the Fe - P again became 'the more abundant of 
the two. At 5000 C both these fractions had increased to mbre than three 
times their original value. The A1 - P had almost reached its maximum 
value in the 300 0 C soil. This was also the case with the Ca - P which 
reached twice its original value in the 3000 C soil and was only slightly 
greater in the 500 0 C soil. These increases are very substantial and at 
3000 C are equivalent to a superphosphate dressing of 10 cwt per acre 
(top 3 in. of soil a'ssumed to weigh 10 6 1b per acre). 

The most likely reason for the increase in "active inorga'nic P If as 
the temperature increases is the mineralization of the "organic P If. 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 

"C rown Damage 

, Regeneration by means of epic'ormic growth is initiated in most 
eucalypts in a number of weeks following destruction, of the crown by 

'fire. Dur{ng 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 
delegatens~ are quite low, whereas fire -resistant species such as 
E. dalrympleana, E. maculata, E. viminalis and A. co~tata have 
moderately high starch levels. It is suggested that the ability to survive 
crown damage is relate'd to the starch con~ent of the sapwood in some 
species (Bamber and Humphreys, 1965). 

Jacobs (1955) described how the production of epic or mic shoots is 
associated with the production of gum v~ins, He mentions also how 
epicormic shoots arise from dormant bud strands which extend radially 
~rom the wood into the phloem. Thus the !early development of the woody 
stem of the epicormic shoot is in the phlo'em 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 cambium to be over-heated 
and killed by fire. . 

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

Cambial Damage 

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 phloe.m 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 
descrihed by Skene (1965), in which gu~ 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 proceed~d 
in a number of zones and the cell walls finally ruptured, leavipg ~ 
series of longitudinal, anastomosipg qanals 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. 

EX]2eriment 2: To determine whether crown damage in the absence or' 
. dam·age produces gum yeins 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 injury to the phloem and 
cambi um required to produce gum veins. 

The following inju'ries to be 'made to the phloem: 

(a) Cuts at various depths. 

(b) Punctures 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 FORE~TS 

By D. HARTIGAN 

I believe this subject 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 
b'arks (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 106 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 comm~nted 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 microfa una. 

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 (~) about the way 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 preliminary 
digestion by microfauna is essentially a biolqgical process. 

Bacteria and fungi are probably the most important agents 
concerned bllt 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 soil 
fer~ility. . 

The reason for this is that counts fluctuate hourly depending on 
environment, moisture and so on. So far as bacteria are concerhed, 
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 N4 level, but it does not indicate 
what is currently taking place in the soil. 

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 
N ~ in forest lands. 

Kozlowsky notes that 30 lbs N~/a,cre 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 N~/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 N ~ 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 mycorrhi.zal 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 if an index of forest soil microbial activity 
based on something other than actual memqers 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 invasive fungi, whose entry· ihto 
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 
organisni 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 frequently 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. Thc continucd 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 stud~es in 
regard to biological effects which might follQw seasonal burnings. 

First of all as I have said, the strqcture 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 !lout 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 
in South Australia, while not necessarily involved with fires~ is quite 
conceivably ti~d up in the destruction of littet by high summer .tempera
tures with resulting loss of N~ 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 anllosa 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 iIj 
,Australian forests and could be enc,ouraged 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 
Phytophthora. 

~. 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 niycorrhizal 
types, and also because pines are not so well protected naturally 
against fire damage and are subj ect to r90t damaging fungi like 
Armillaria and Rhizina. ' ! 

1. 

2. 

3. 

4. 

5. 
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THE EFFECT OF FIRE ON INSECT DAMAGE 

By J. BRUCE 

A. Introdu,ction 

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 c;:ountries 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 td work carried out in the 
19~0'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 ade9uate defence mechanisms within the tree 

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 <?an effectively stop the attack. 

This has been reported by Furniss 096&) 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 dep~ndEj not only on the amount of 
kino the tree is capable of producing, but also on the intensity of the 
atta~k. ' 
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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-d.ominants, 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. Factors Necessarr 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 Hyphsiphr,la attack, and the r~lative 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. 

Hi. 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. 
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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 in,tensity can provide improved 
a'ccess for attacking insects, by means of: 

"fire scars; 
cracking of the bark; 
dead leaders and hranches; 
poor occlusion of epicormics; 

e. 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 fir'e, 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 ~6. 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 sp-ort -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 gird1er 
beetle (Diadoxus erythrurusL 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). 
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Loss of crown is probably the most important fire -induced means 
of reduced vigour. 

4. Concentration of suscel?tible trees 

Apart from considerations mentioned in 1 to 3 above, an increased 
concentration of susceptible trees could result 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. In§lect 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 wingle.ss. 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 1951-5~ 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 Wohlet~ 193~). 

Miller and Patterson (1927) reported that this attraction extended 
for a distance of two to three miles, outside the burn. 

I do not know of any similar, substantiated 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 distanc,e, 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 us~less. ' 

There is a decay-causing fungus 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 .. 

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

More thorough investigations revealed current attack in areas that 
had not been burned for about '2.0 years. ' 

Attack is not necessarily associated with fire. 

In order to study the life -cycle 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 of the borers, and was 

( '2.) 

(3) 

a pos~ible means· of control. (4) 

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

Nailing gauze traps over the entry holes causes death of the 
borer. 

3. Conclusions 

It is probably unwise to draw any conclusions to date. 
, 

It is fairly definite that attack can take piace 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 '2.5 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 Vfi th. 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. 

( 5) 



73 

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 recomm,end effective. practic~l control measures.' 

I\urther research into control is, of course, needed. 
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DHAfi'T. H,ESEAHCH PHOGHAMME FOH FIRE EFFECTS STUDIES 

Following discussion on the papers that had been delivered, an 
attempt was made to fornlUlate 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 experimen.t 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 1~ relatively homogeneous 
blocks, each with an internal ~ x ~ chain growth plot. 
Four blocks to be subj ected 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 measu:rement of stems for DBH, 
height, dominance classification, bark thickness, taper and 
volume. 

c. Fuel. Characterize periodic distribution, composition, 
weight, accumulation rate and moisture content of fuel. 

d. Fire intensity 

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

ii. Record temperatureFl 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 llthree-step method l1
• 
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f. Soil apd li tte r 

i. Periodic sampling on soil for physical and ,chemical 
properties. 

ii. Chemical analysis of'folia:ge and litter. 

iii. Sampling of soil for selected microflora activity,. 

iv. Sampling of soil fauna if practicable. 

g. Timber qualities 

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

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

iii. 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.) , 

iv. Record of damage to plot trees following any logging. 

v. Record of other damage to plots, e. g. from cyclones. 

vi. No method of sampling which may cause damage to 
plot trees to be used. (Limited sampling likely to 
damage trees permissible in plot surrounds.) 

h. Insect survey. If practicable, periodic survey of insects 
of possible importance present in experimental area. 

i. Protection 

i. Increased protection measures to keep wildfire out 
of experimental area. 

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

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

j. Other observations 

i. Qualitative observations on seed production. 

ii. Records of regeneration, should this be required. 
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Cornment~ 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 grottps will be: 

Central Coast Research Centre: co-ordination of 
study; general field maintenance; specialist work 
under topics a, b, c, d (in part), e, of (sampling), 
g (sampling, records of damage), i, j. 

Chemistry Section, D. W. T.: d (in part), 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 Large 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 commu:r:ities, 
with initial priority being given to slash pine plantations. 
(C. C. R. C. and other groups as appropriate from A.) 

2. Stem Defects in Burnt & Unburnt Stands. Any opportunities 
for comparing production and quality for adjacent and other
wi'se similar burnt and unburnt stands, along the lines of 
N. Humphreys I 1964 study at Lower Bucca State Forest, to 
be taken. (C. C. R. C. and local staff.) 

c. Basic Studies of Direct Relevance 

1. Characterization of Fire Inten§ity. Partly covereq by A (d), 
and by work of F. R. 1., C. S. 1. R. O. , . and by other existing 
studies of C. C. R. C., but may need examination in other 
sites. (C. C. R. C.) 

2. 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 

1. Soil changes brought about by fire. Partly covered 
by A( f) and by recent W9rk of Chemistry Section, 
but m.ay need repetition: in other sites with :r.~a.rkedly 
different soil types. (Chemistry Section. ) 

U. Soil cha,nges brought' about by regeneration burns , 
carried out in heavy accumulations of slash. Some 
work already done by Chemistry Section and North 
Coast Research Centre, but may need later 
replication in other sites. (Chemistry Section.) 

ui. Changes in litte,r with burning: Changes in N status 
regarded as of particular significance. Partly 
covered in A (f), but may need replication in other 
sites. (Chemistry Section.) 

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

D. ]2asic 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. correlations of tree size 
and bark thickness) will be used fn the major study. 
(C.C.R.e.) 

2. Assessment and Growth of Internal Defect. Investigate 
';arious means of measuring inter'nal defect, including some 
deflection, neutron return and Q,eedle penetrometer. 
(C.C.R.C. to co-ordinate.) 

3. Suppressed "Seedling" Advance Gr.owth 

1. 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. 



78 

4. Indigenous Nitrogen Accumula'tors. Examine nitrogen
accumulation in better quality native forests caused by , 
Acacia spp., other legumes and Casuarina spp. (Referred) 

5'. Rot Development ' 

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

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

iii. Identification of rot-causing fungi. (Pathology 
, Section. ) 

6; Insect Damage 

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

ii. Development of attractants for borers. (Referred.) 

iii. Breeding for resistence to insect attack. (Might be 
considered in future in relation to eucalypt tree 
improvement programmes.) 

7. Litter 

i. 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.) 

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

8. Microbiological Changes in Soil 

i. 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. ) 

ii. Role of mycorrhizae in native forests. (H.eferred.) 

9. S~pwood 

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

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

10. 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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E. Simulation Studies 

(Studies carried out on individual trees, on small plots or qn 
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. S~sceptibility of Regeneration to Fire. As for El, above. 

3. Effects of Fire on Under storey 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.) 

~. 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 participants but Mr Kellow are officers 
of the Forestry Commission)" 

G. N. Baur ·(Sen. Silv. Research Officer, Division of 
Forest Management) 

~ •. G.M •. Dowden .(Res. Officer, Research Centre, Taree) 

. A. A~ Ashfield (Tech~ A~sistant, Research Centre, Taree) 

R.K. BaTI:lber (Res. Officer, Wood Structure Section, 
Division of Wood Technology) . . 

K. R. Bootle (Res. Officer, lJtilization 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, Resea.rch Centre, Taree) 

G. R. Dobbyns (Assistant District Forester, Taree) 

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

Chairman 

Secretary' 

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

D. J. T. Hartigan (Res. Officer, Pathology Section, Division of 
Wood Technology) 

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

F. R. Humphreys (Res. Officer, Chemistry Section, Division 
of Wood Technology) 

J.H. Kellow (Forestry Officer, Fire Control Sub-Section, 
I 

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 Pap'er on Fire 
Effects (Mr Floyd). 

3. Specific Talks al:1d Discussion 
on Individual Aspects: 
a. tree health and growth 

(Mr Curtin); 
b. desirable regeneration 

(Mr Curtin); 
c. understorey (Mr Van ;Loon); 

Thurs. 24th Novembe~ 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. C. N. Blight, Guv,"''''''''"! P"i"t"r, N,·w SUllth Wllles-Jfl61l 
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