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Soil plant pathogens, except ln
sterile laboratory-created condi-
tions, do not operate in a vacuum.
The soil contains vast numbers of
micro-organisms-some beneficial,
some detrimental-which interact
with both hosts and the pathogen.
P. cinnamomi, in particular, is

unusually affected by other micro-

organisms because in the absence of

certain soil bacteria, it will not pro-

duce sporangia and zoospores, the

spore types which are believed to be
responsible for spread and infection.

It is obvious that on most jarrah

forest sites the soil microbiological
environment does not present an
obstacle to the fungus and it is sus-
pected that on many forest sites it

favours P. cinnamomi.
If the soil microbiological environ-

ment can be changed it is possible
that the microbiological conditions
can be created which do not favour
P. cinnamomi.

Preliminary studies suggest that a
change from a banksia dominated
understorey to one dominated by

: This stand of prickly moses was tegene'
nted by high intensity firc, tueviously, the
arca had a dense banksia underctorcy and
no live legume plants. The red plant is
Kennedia cocclnea. \Les Harmanl

certain legume species could create a
soil microbiological environment
which is less favourable for P. cinna-
momi activity and survival. The
composition and quantity of micro-
organisms in the soil is markedly
influenced by the type of plant
growing in the soil. Therefore, it is
not surprising that the soil mlcro-
organisms associated with the roots
of legume species, which have the
abil iry to add nitrogen to the soil,
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Top: ltis possible by measu ng soil mois-
turc and soil tempenturc rcgimes. to esti-
mate the number of hours that physical
envhonmental conditions are suitable for
infection. When a legume undetstorcy is
prcsent, the number of hours when both
soil moisturc and soil tempenturc are suit-
able for infection is markedly rcduced.

lLes Harmanl

Below: Field tests have shown thet
infection level is reduced when a legune
underctorcy is prcsent. lLes Harmanl

from the atmosphere. This could
significantly improve the health and
vigour of the forest.

Jarrah does not respond to phos-
phate fertilisation but in field and
pot trial studies significant increases
in growth due to nitrogen fertiliser
application havebeen demonstrated.
Application of mineral nitrogen
fenilisation to legume species in-
hibits their capacity to fix nitrogen
from the atmosphere, however, they
respond markedly to phosphate. It
is possible that a single application
of phosphatic fertiliser to legumes in
the forest could be used to increase
legume growth which, in turn, would
result in higher additions of nitrogen
and organic matter to the soil. The
effect is likely to be sustained for
a number of years because in forest
ecosystems nutrients are constantly
recycled. There is, therefore, the
potential to rahe the overall fertility
ofthe jarrah forest ecosystem.

It is relatively easy to manipulate
the environment in agricultural or
horticultural situations where it is
practical and economic to employ
intensive cultural techniques. For
example, avocado growers in
Queensland have been able to con-
trol Phrtophthora root rot by large

ln pot tial studies it has been found that
some legume species, when interplanted
with jarnh, increase hrah's rcsistance to
dieback, lL6s Hamanl

JARRAH SURVIVAL WHEN INTER-PLANTED

WITH
B. grandis B, aquifolium A. strigosa

a{

Open forest. no litter
Under legume canopy
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Stimulation of legume grcwth by phos-
phate feftiliser. Application of phosphate
to legume stands could aise the oveQll
fertility of the forcst ecosystem.

lLes Haman)

One of the most spectacular and
rapid changes in the composition
and structure of a forest was
observed following the Dwellingup
wildfire in 1961. Approximately
30000 hectares of forest regenerated
with dense stands of native legume
species. Following mild hazard
reduction burning, these stands
failed to regenerate and tended to be
replaced by species more susceptible
to the disease.

The association between fire and
regeneration of leguminous species

I
I

L Nodules found on legume rcots. Native legume species can fix atmosphe c nitrcgen and
this may significantly imprcve the fertility of the forest. \Les Hamanl
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The relationship between legume
regeneration and higher intensity fire
in the jarrah forest, although not
unique, is unusual. Recent research
has shown why hotter fires are
necessary to regenerate legumes rn
the jarrah forest whereas in other
forest, including the wet sclerophyll
karri forests, regeneration of
legumes occurs after mild fire.

Following the initial burning trials
it was noticed that frequently
legumes regenerated in clumps. Thrs
suggested that the seed was redistn-
buted following seedfall. Subsequent
studies showed that ants are the
major agents responsible for legume
seed redistribution. In addition to
horizontal redistribution. ants also
bury the seed. Careful examination
of newly regenerated legumes have
shown that some originated from as
deep as 9 cm below the surface of
the soil.

During normal mild spring burns
soil temperatures rarely rise above
40'C in the top I cm of the soil.
Legume seed which is below the
surface of the soil does not receive
enough heat to stimulate germina-
tion. During higher intensity burns,
heat penetration is considerable and
frequently a large proportion of the
seed which has been buried by ants
to varying depths in the soil, is
stimulated.

Although th€ research carried out
so far has contributed to the under-
standing of the effect of fire on
legume regeneration and survival,
the understanding of this relation-
ship is still only partial. However,
the results of the study to illustrate
the complexity of the ecosystem and
that apparently disjunct components
such as legumes and ants are, in
fact, closely inter-related.

Although mild hazard reduction
burning is not the only factor
affecting regeneration and survival
of bull banksia it does favour this
species. Mild burns in spring have
little effect on the banksia under-
storey but they provide an excellent

seedbed for the seeds which are
released from cones the following
autumn. Thus, under a mild burning
regime banksia population levels
increase. Current research indicates
thar medium ro high intensity fire in
autumn and late summer when
banksias are under drought stress,
can kill over 50 per cent of the
banksia understorey. The research
suggests that series of these type of
burns over a period of twenty years
would reduce banksia numbers to
low levels comparable with the virgin
forests.

It would obviously not be feasible
or desirable to carry out burning at
the intensity of a wildfire. Apart
from the danger to human life, the
Dwellingup wildfire of 1961 caused
extensive mortality of jarrah and
many of the suffiving trees were
severely scarred. However, it is
possible to carry out fires ar intensi-
ties above those used commonly for
hazard reduction but below the levels
causing damage to the overstorey.

Over a period of years Forests
Department research workers have
developed a set of tables with which,
over a range of meteorological and
fuel conditions, it is possible to pre-
dict the intensity of fire resulting
from a particular pattern of ignition.
These tables were used to conduct a
series of experimental high and
medium intensity prescription burns
which have shown that it is possible
on many forest sites to bring about
regeneration of native legumes where
previously they were observed to
occur only as a minor component of
the understorey, and markedly
reduce the density of the banksia
understorey. These fires, although
of higher intensity (and expense)
than normal burns, have been con-
trollable and except for jarrah sap-
lings, which in pole stands will not
form crop trees, there was no
significant damage to jarrah trees.
In fact, at least in the short term,
growth of jarrah poles has been
stimulated by these burns.

Although much more research is
required it is conceivable that
changes in the structure and com-
position of the forest (that is from a
banksia-dominated understorey to
one dominated with legumes) can be
achieved on many forest sites by the
strategic use of prescribed fire.

Intensive research. both in
Australia and overseas, is con-
tinually improving our knowledge
of P. cinnamomiand diseases caused
by the fungus. This research has
shown that plant diseases caused
by P. cinnamomi are affected by a
number of factors and it is unlikely,
particularly in a forest situation, that
control will be achieved by any single
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L Forcst bunt 12 months previously with firc intensity which

rcsulted in full crcwn scorch. Note crcwn vigour, lLes Haman\
L Adjacent forest burnt with a normal low intensity bun' Growth fttes

of scorched trces have been shown to be significantly higherthan trces

which have been bumt with low intensity firc. lLes Harnanl

Although there is little doubt that
a legume understorey will reduce the
susceptibility of the forest to jarrah

dieback, it is not known if the reduc-
tion in susceptibility will have
practical significance. Prolongation
of the survival of a horticultural
crop such as avocado, which is being
attacked by P. cinnamomi for ten
years is a significant advance. How-
ever, in a forest crop such as jarrah
the effect of a cultural technique
must be permanent. Thus, it is
necessary for careful long-term field
trials to be carried out before the
legume approach to control can be
implemented on an operational
scale.

It is also important to ensure that
high intensity fire does not have
serious adverse effects on the forest,
For example, what will be the effect
on native animals and wildflowers?
What will be the effect of the

changed burning regime on the bee-
keeping industry? Although the pre-
liminary studies indicate that forest
areas which have been subjected to
high intensity fire are more vigorous
than those which are protected or
burnt mildly, it is not certain that
this vigour can be maintained. It is
also not known if there is a store of
legume seed in the soils on all jarrah
sites-it may be necessary to apply
seed directly on some sites. High
intensity prescription burning is also
more hazardous and as a conse-
quence more expensive than mild
burning in spring. Will the costs be
prohibitive? All these questions
must be resolv€d before changes in
existing management practices are
made.

Even though this approach to
control of jarrah dieback is being
treated with caution, a number of
large scale trials have been initiated

to determine the practical problem
of high intensity burning. The
decision to move to large scale trials,
even though fundamental research
has not been completed, has been
made deliberately. This approach to
control ofjarrah dieback is based on
the concept of forest manipulation-
it cannot be implemented if there is
no forest to manipulate. Once the
disease extends to the overstorey
mortality stage it would be difficult
to reverse the decline in forest health.

The large scale trials being carried
out will ensure that if it is found a
legume understorey wil/ confer
Dermanent resistance of the for€st to
jarrah dieback, the technique can be
implernented rapidly. The main-
tenance of stringent hygiene and in
some forest areas, quarantine, will
provide the maximum length of time
to develop and test jarrah dieback
control techniques. O




