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PHYTOPHTHORA CINNAMOMI' - ITS ATTACK ON PINUS RADIATA IN THE
SUNKLAND =

In accordance with your request, below please find a brief
outline for the Minister of Forests, should the matter be
raised in the:media. =

1. Deaths of pinus Radiata have been noted in 2-7 year
" o0ld plantations in the sunkland. So far, the level of
death is:low (10-15:stems per ha.), so that the
are insignificant as a management problem. The
of deaths appear to fall off as the plantationsg
older. : .

lossesv
number
become

2. Phytophthora ‘cinnamomi has been associated with these
deaths, but in most but not all cases, the deaths are
most frequent in areas of forest which was infocteq
before clearing for plantation establishment.

3. The deaths are virtually confined-to_two soil types:

a) Type 7 (poorly drained alluvial soils on v
floors) which occupies only a small propor
the plantation area and which will be exlc
future.

alley
tion of
uded in

b) Type 4 (somewhat better drained sands and sj
of lower slopes and valley floors) which occ
approximately 20% of the total plantation

ndy loams
upies
area.

4. At this stage, Phytophthora cinnamomi attack is not
seen as a major threat to pine, but intensive research
is in progress to ensure that the problem is
with time e.g. 1t is mainly potential threat
being considered.

not aggravated
which is

5. Should the deaths prove a real problem in the case of
Pinus radiata, Pinus pinaster can be plantcd instead in
the more susceptible sites. 1In addition, as research
has shown, there is marked genetic variation in the
susceptibility of Pinus radiata to the discase and the
accent on future tree breeding will be on the resistant
strains. The substitution of Pinus pinaster for Pinus
radiata may lower the productivity and increase the
complexity of the utilisation of the resource.

6. In addition to the work directly financed by the co
a grant has been obtained from the Rural Research Tund for the
study of mycorrhiza as a defence mechanism agains: the disease.
An officer hired under the scheme has made consicderable progress.

cepartment,;

/\{l/g&i/ ) 4:—« . i/ C M.{
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J.J. HAVEL : 75
l4th May, 1980.



) //.ONSERVATOR OF FORESTS
A

:.‘/ .

PERTH. V/.A.

pIEBACK INVESTIGATIONS IN THE SUNKLANDS ’

In my report of the 14th December, I gave you the summation
of findings up to that date. As it is a high priority
research project, considerable additional information has
been obtained since then, and I have visited the area

with Messrs. Quain, Van Noort and Hopkins. The brief
resume of the field trip is as follows: '

Of the site types present in the sunklands, sites 1 and 2,
which represent laterites and the adjacent lateritic sands,
are already excluded from pine planting. Type 6 is no
longer mapped, presumably because its original definition
wds ambiguous. Of the types that are planted with pine,
the highest occurrence of the Phytophthora. attack on

pines is on site 4 (basically sands and loamy sands which
are leached and acid), and site 7 (loamy, seasonally
waterlogged valley bottoms). Sites 3 and 5, which are
basically sand loams intermediate between 4 and 7, contain
much lower level of Phytophthora attack.

The question that arises is what can be done about minimising
the risk of the disease. Site 7 is less of a problem, in
that it is much more restricted in area and can probably be
dealt with quite simply by adding it to the stream reserves.
This would have the additional benefit of reducing the
opportunity for criticism from the fauna and hydrology

point of view. Site 4 is a more serious problem in that it
is much more extensive and represents a significant
proportion of the' total plantation area. Because of its

extent, it has been subdivided in the 3 sub-types and these
may provide a rationale for clarifying the situation.

Type 4a, which consists of the deepest and driest leached
sands is a doubtful proposition for pine planting except
perhaps where clover is used. Radiata on these sites

has acute nutritional problems and its performance is
inferior to pinaster. However, even performance of the latter
species is only equal to, or below, the average pine plant-
ation north of Perth. The form of pinaster on these dry
sites is satisfactory, and there is some hope that the use

of clover and the associated heavier application of phosphate

may improve the nutrient situation. It is just as likely
that the deep, leached sands also represent an obstacle to
successful establishment of clover. The most likely solution

on our present knowledge is to plant these sites up with
genetically improved pinaster where their exclusion would
create boundary problems, and leaving them out of the
planting area where they represent extensions into the
laterites. Site 4d is characterised by wet humusoid sands
with a particularly bad track record for disease. This
presents considerable problem, in that the form of pinaster
is unacceptably bad even when improved seed is used.
Although some satisfactory establishment of Pinus elliottii
and Pinus taeda has taken place on this site, this is not
without problems in that particularly Pinus elliottii 1is
probably more susceptible to Phytophthora than pinaster.
Here, even more than in the case of 4a, exclusions of this
type is desirable, but where this is not feasible, the

R &



Other relevant observations are that several species of
Pythium and two additional species of Phytophthora (cryptogea
and megasperma) are present in the soil and the roots of
diseased trees. Pathogenic fungi are sometimes found

in the roots of up to 1.8cm diameter and even in the collars
of some of the young pines.

It is not easy to conclude out of the available information
which of the two alternatives we are facing. It is probable
that the real test will come when we encounter a particularly
wet winter and spring. However, it is not intended to

leave this to chance and a trial in which the soil water
content will be raised by artificial irrigation is planned
for next year. In the meantime the best recommendations

that can be made are: :

(a) our nurseries should be carefully screened for the
pathogenic fungi, so that the stock going out of them
is not a source of infections;

(b) sites on which Pinus radiata performs poorly and incurs
a high level of infection should either be left out or
planted with alternate species;

(c) the situation should be kept under continuous review.

LS
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is is now studying the moisture levels and temperaturco w....

¢ nev : : :
- ned and unthinned stands and will attempt to tie these to

gHid

the actual occurrence of dieback.

d
/
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A tie between the work carried out by Chevis and Stukely and the
enetical work being done at Wanneroo would indicate that some of
the strains of Pinus radiata appear to be less susceptible to the
dieback than others. One logical outcome of this would be the
deflection of our breeding from the pre-occupation with growth
potential and form to some consideration of resistance?b; dieback.

The work of Boughton is so far in the early stages. The mycorrhizal
work is particularly difficult in that the organisms involved are
very hard to identify. It would seem that presence of mycorrhiza
within an area is not an automatic guarantee that Phytophthora

attack will occur. In fact, there is indication that in the Sunkland
as a whole, and particularly in the poorer soils, the level of
mycorrhizal activity is definitely below par. It would be desirable
to improve it either by modifying the nutritional conditions, or

by introducing strains of mycorrhizal fungi better suited for this
difficult environment.

The implication of these findings are already being worked upon.
There is an increasing acceptance by the Central Region that

radiata, despite its greater initial growth potential, may not

be the best species for all sites. The work currently going on,

such as McCutcheon's work on site quality for the various species,
and nutritional studies, particularly that on subsequent fertilisat-
ion, 1is going to provide the basis for change in management practice,
which may become necessary as our -knowledge improves.

Examination of the performance of the genetically improved Pinus
pinaster has lead to greater acceptance of this species as a viable
alternative to radiata, particularly on sandy soils where adequate
nutrition is very difficult to provide for Pinus radiata, or

on water gaining sites where dieback is a risk.

Summing up the observations, there is at this stage no cause for
panic, but the investigations should continue at the present high
level. When the situation has been clarified, the findings should
be subject to a policy review meeting and there should be early
transmission of the conclusions of that meeting to the field.

S/
Pl
Q.ZZ7;AVEL

CHIEF OF DIVISION.
==

December 14, 1979.
JJH:ALB -
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CONSERVATOR OF FORESTS
PERTH

PHYTOPHTHORA CINNAMOMI AND RADIATA PINE

Since the commencement of the Sunkland project there has

been some concern that P.c. might present a problem to

radiata pine. There have been scattered deaths, mainly

in the first 2-3 years after planting and the incidence

of the deaths has been so slight that it was felt that
it could be tolerated.

The situation has changed in recent weeks. The incidence

of scattered deaths has increased (I cannot quantify this

as no detailed assessment has been carried out) and for

the first time we have seen an infection centre in operation,
similar to that we get in jarrah forest.

‘The situation has been inspected in the field by Drs Shea
and Shearer, who have expressed renewed concern at the
potential problem we may have.

Roots of dead and dying pine have been tested at Dwellingup
and found to contain P.c. in roots greater than 1 cm in
diamater. We cannot, at this stage, say definitely that P.c.
is causing death of the pine, but there is a strong assoc-
iagtion between death of trees and detection of the disease.

On Wednesday last the situation was reviewed at a meeting

of dll research staff involved. Arising from these discussions

I have come to the following conclusions:

1. We may or may not have a potential disaster on our
hands in the Sunkland.

2. On balance I believe we will eventually learn to live
with a degree of P.c. damage there, but we cannot afford
to take the risk of a major collapse after tree age 20
years (P. radiata appears to be physiologically more
susceptible to P.c. after tree age 20). Quite apart
from the economic and resources aspects, the damage
to the Department's prestige would be incalculable.

3. The potential severity of the problem is such that we must
immediately commence a crash research programme to
increase our understanding of the P.c./P. radiata
relationship. This programme must be given the very
highest priority.

The initial lines of work will be:

(a) Survey the incidence of tree deaths in the Sunkland
and try to correlate deaths with soil type, topo-
graphical position and native vegetation indicators.

(b) Review our methods of data collection on soil
' - physical environment (i.e. soil moisture and soil
temperature) to determine under what site and
stand management conditions the disease i5 able
to sporulate.

Nature 101:615-616¢.



(c) Commence a massive P.c. baiting programme to
establish whether the random deaths we observe
are due to random disease distribution or to
host physiological variation, and to increase,
our knowledge of P.c. in the Sunkland generally.

(d) Carry out inoculation experiments in selected
areas to determine the conditions of stand age,
site fertility etc., under which the disease
can survive.

(e) The inter-relationship of P.c. and root mycorrhizae
needs urgent clarification. '

In deciding how these tasks are to be carried out I have given
consideration to diverting some of our Dwellingup staff to
this problem, but this would present technical and "political"
problems at the present time. It is also not possible to use
our very inexperienced Busselton research officers in such a
highly technical field as part (c) above. With regard to our
physical, financial and staff resources I recommend the lines
of work outlined be attacked as follows:

(a) The survey aspect will be covered by aerial photography,
interpreted by Inspector Kimber and Busselton research
staff with the assistance of Mr McCutcheon. S.D.F.O.
Bradshaw is now examining the problem and will advise
as to the best method of photography (oblique 35 mm
or vertical 70 mm).

(b) Mr Kimber will coordinate the review of physical data
collection and immediate steps will be taken to rectify
possible deficiencies in equipment and to expand the
data collection as necessary. Further funds might be
necessary, to the extent of $5000. I will present more
concrete proposals as soon as possible.

(c) I propose to transfer T/O M. Stukely from Wanneroo to
Como to carry out the P.c. baiting programme. Mr Hatch
will vacate one of his laboratories for Stukely and some
further equipment will be required - this can probably
be funded from existing estimates by reallocation.

I have in mind a major rearrangement of the Como building
to facilitate this research, but even if approved, this
would take some months to carry out and we must aim to

have the baiting programme operational in two weeks in
order to be ready for the spring flush of P.c. sporulation.

(d) Inoculation trials will be carried out by Busselton research
staff in cooperation with Stukely.

(e) The mycorrhizal study by T. Boughton under the Reserve
Bank grant will continue as planned.

In addition to the above, I propose to make contact with
researchers in the Eastern States who have worked in the area
of P.c./P. radiata in the past to evaluate any possible
contribution they might make.

* Nature 101:615-41¢4



In conclusion, I wish to emphasise there is no suggestion
that we are in any way in a panic situation. We have

simply realised there is a potential threat to the entire
Sunkland project and we are making sensible and prudent moves
to gain the information we need to place the threat into

true perspective. It may well be that after 12 months we
will come to the conclusion that P.c. is not a threat to the

project as a whole and that some of the work can be discontinued.

If so, we can continue the project with confidence. If we do
not resolve this question now we will have left ourselves in
a very vulnerable position.

F. H. McKINNELL \
SUPERINTENDENT, RESEARCH

FHMcK/me
Como Research
1847 F7% .

Nature 101:615-41¢4.
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SUBJECT: OBSERVATIONS ON PINUS RADIATA DEATHS IN THE DONNYBROOK SUNKLANDS

This report details observations on Pinus radiata plantations in
the the Donnybrook sunklands made on July 5, 1979 (Appendix 1)
and the results of plating surface sterilized root pieces of

P. radiata onto a selective medium for the detection of
Fhytophthora cinnamomi infection (Appendix 2).

SUMMARY OF OBSERVATIONS:

1. There is a strong association between death of trees and
detection of P. cinnamomi (Appendix 2).

2. At some sites trees showing symptoms of P. cinnamomi infection
could readily be observed (Appendix 1). Dead or-dying trees
were generally randomly distributed within the plantation.
However, at the Vasse Highway plantation trees adjacent to
one another were dead, at the Agroforestry plot tree deaths
only occurred at the edge of the plot and at No. 3 road
plantation an infection centre, similar to those occurring
in the jarrah forest, was observed.

3. At some sites (e.g. the 7-year-old Vasse Highway plantation)
I was told that tree deaths have occurred every year after
planting.

4. There appears to be no clear association between tree age and
the incidence of symptoms or detection of P. cinnamomi
infection (Appendix 1 and 2).

5. The incidence of symptoms associated with P. cinnamomi
infection was very variable, with greater differences
between sites than age of tree (Appendix 1).

6. Phytophthora cinnamomi was detected in roots greater than 1 cm
in diameter (Appendix 2, photographs).

CONCLUSIONS:

1. There is a definite need to quantify, each year, the number of
trees showing symptoms of P. cinnamomi infection. A true
picture of the incidence of tree deaths could not be obtained
since dead trees are removed during routine maintenance.
Quantification of tree deaths associated with P. cinnamomi
infection would be a relatively simple matter in a row crop
such as pine.

Assessment of the change in pine deaths between years :and
sites is needed for an objective assessment of the implications
of P. cinnamomi infection in relation to P. radiata plantings.

2. More information is needed on the level of P. cinnamomi inoculum
in sunkland soils, espeiﬁblly in relation to:

) differences between soil types;

) the depth of soil that viable inoculum is present;
) spatial variation; and
)

seasonal variation.



This information is needed for the assessment of the potential
threat of P. cinnamomi to P. radiata plantings and the
implementation of possible control strategies.

3. Care must be taken in not placing too much reliance on the
supposed resistance stage of P. radiata during the 3 to 20
year age period, since:

(a) Site appears to have a greater influence on the
incidence of P. cinnamomi infection than does
tree age.

(b) The expression of resistance appears to be very
environment dependent. -‘As noted by Newhook et al
(1959)! "Where naturally poor drainage was aggravated
by surface ponding, however, then apparent resistance
of the young trees (12 to 15 years old) broke down
and they died".

(c) The period during which P. radiata is "apparently
resistant" was observed in New Zealand in shelterbelts
and needs to be tested in plantations under the
Mediterranean climate and soil moisture conditions
experienced in the Donnybrook sunklands.

"Koch's postulates needs to be satisfied in the field on trees
of different ages and at different sites.

4. Phytophthora cinnamomi was detected in surface sterilized
roots of P. radiata greater than 1 cm in diameter and the
growth of the fungus in these roots was similar to that
observed for the very susceptible Banksia grandis. Infor-
mation is needed on the ability of the collar region of
infected P. radiata to act as a source of inoculum of
P. cinnamomi. '

The ability of infected P. radiata to influence the inoculum
potential of P. cinnamomi would have important implications
as to how fast the pathogen can respond to conditions conducive
to sporulation and infection and hence influence the severity

- of infection.

5. Information is needed on the incidence of non-lethal infection
of P. radiata by P. cinnamomi (Newhook, 1961)2 and the degree
to which this type of infection retards tree growth.

The implication of P. cinnamomi infection to P. radiata
planting would be underestimated if non-lethal infection
was not taken into consideration.

/’?) . /K - 5/&,\,/:_/
DR. B. SHEARER

BS/me
VV/Z2779

! New Zealamd J. Agric. Res, 7:808-843,

2 Noture 101:815-416.
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Observations
the Donnybrook

on Pinus radiata plantations in

APPENDIX 1

Sunklands, made on 5th July,

1979

Tree Detection
death/ of P.c.
Tree infect- (Appendix ,
Plot/Plantation age ion 2) Comments
: (a

Vasse Highway 1 o
Strike & No é Road 1 0
Quilegup Road 3 +++ + ve
Agroforestry 4 + + ve Deaths at edge.

Vigorous growth.
Old Forestry Jarrahwood 6 +++ Well drained.
settlement Vigorous growth.
Vasse Highway 7 +++ Poor vigour.
Cane Brook Road & 8 0 Vigorous growth.
Margaret Road Seemed shallow rooted
Sues Road (Malloy Plot) 8 0 Vigorous growth.
Strike and No 6 Road 8 + Vigorous growth.
No 3 Road ++
a) Symptoms associated with Phytophthora cinnamomi infection:

0 - All trees observed healthy.
+ - Occasional tree dead.
++ - Trees recently dead (needles bright red-brown in

colour),

less than 5% trees dead.

+++ - 5 to 10% trees recently dead or just beginning to
die (needles light yellow green and wilting).

Western Australic,

1275.

Soil types as described in Statement of Intent, Afforestation
with Pines in the Donnybrook Sunklands,
Sept.

Forests Department of
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(a)
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tldNusiRADIATA MYCORRHIZA AND P. CINNAMOMI STUDY

INITIAL WORK PROGRAM as proposed for RCD grant.

Survey of incidence of mycorrhizas on roots of P. radiata at’
the following sites.

Jarrahwood
Willcock A
Folly

Nannup nursery
McLarty
Bussells Brook

Sampling to take place in June, September, December and March.

Status: sampling, mycorrhiza separation and counting methods

tested. June sample collected.

Pot trial testing P. cinnamomi susceptibility of P. radiata ex
Nannup nursery (1 + 0) under conditions of

i) excess water all year low P, low N

ii) excess water winter only low P, low N
iii) excess water winter only high P, low N
iv) excess water winter only high P, high N.

Status: P. radiata has been established in pots; inoculation,
fertilisation and waterlogging treatments to start
in July. '

Field survival of P. cinammomi under P. radiata.

Status: not yet started, to be discussed.

Pot trial screening 10 P. radiata seedlots for genetic variation
in resistance to P.c. infection. Comparison to be made of
mycorrhiza inoculated and non-inoculated plants.

Status: seed planted and inoculated, awaiting germination.

Pot trial to grow P. radiata with pure cultures of various
mycorrhizal fungi and test each of the mycorrhizal pines
for resistance to P.c.

Status: isolation from fungal fruiting bodies at all

mycorrhiza sampling points (see 1) is being
carried out to obtain pure cultures of known
fungi. These must be tested to see if they
are mycorrhiza forming fungi before pot or
test tube experiments can be carried out.

Field trial to correlate tree growth (e.g. 2 y.o. pine) with
seasonal variation in mycorrhiza density, if any.

Status: not yet started.



OTHER STUDIES. These were not included in the initial
program but have been started since the commencement
of the work.

Pot trial comparing growth of P. radiata and survival of
P. cinnamomi grown in pots with or without clover cover.

Design
2 X 2 X 2 X 4
+ P, radiata + sub clover V + Patw reps.

+ sub clover pots fertilised with superphosphate Cu Zn A
- sub clover pots fertilised with Agras No 1.
all pots to be waterlogged and watered at the same rate

to show effects (hopefully) of increased water use by
clover plants.

P. cinnamomi isolations from P. radiata plantations by
lupin baoiting and direct plating of P. radiatao roots.

Sites P.¢. recovery

McLarty ~
Bussells Brook -
Nannup nursery -
Folly -
Willcock A -
Jarrahwood .

dead P. radiata 140

dying Pultenaea reticulata

+

(collar rot)

pet expt in Jarrahwood

soil 4

P. cinnamomi mating type determination,

Status: commenced 2.7.79 using Jarrachwood isolates.
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PART II 32 month old P.pinaster

Introduction

The results of an artificial inoculation trial using & month
old seedlings have been discussed in an earlier report. That trial

was duplicated using older seedlings and these results will be discussed

below.
riethod
Species: Pinus pinaster, leiria strain, 2 yr.omonths at
initial inoculation.
E.marginata, 5 mohths at initial inoculaticn.
Treatments: All other treatments are as descrived for the
previous trial.
Layout: 2 x 2 x 2 factorial with 6 revlicates and
1 kF.pinaster and 3 Z.marginata seedlings/2 gallon
bucket.
Note: A few of the jarran transplants failed to establiish
prior to the first inoculation. As a result, the jarran
analysis was carried out as a 2 x 2 x 2 factorial with
% replicates. ‘/here the number of available replicates in
a treatment exceeded three, the replicates used in the
analysis were selected randomly.
Regsults

1) Effects of inoculation

P.pinaster. The mortality of P.pinaster seedlinss was not

affected by inoculation with P.cinnamomi. (Table 1).

Similarly, their health and o6lher parameters of growth, e.g. height,
Héight increment and shoot weignt, were not affected.

The ratio of fine roots/needles was significantly increased by
inoculation (**). The root/shoot ratio was also increas=d

significantly (*) but only in the inoculated, low water treatuent.

(*) indicates significance at the 5% level

(**) indicates sisnificance at the 1% level
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é;tremely hi~h in both the inoculated and control series (Table 1).

v"r'
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g
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Zmarginata., rhe mortality of jarrah seedlings in the triaus

“Significantly, fewer deaths (*) occurred in the fertilised control thnan

in’any of the other treatments.

Table 1
I S Seedling Mortality (Percent) at
y
6 Months ; 12 ilonths
P.pinaster control % 8%
inoculated A 0% 19%
E.marginata control 36% 8L
inoculated 35%. 36%
2) Effects of nutrition

3)

P.pinaster. The effects of nutrition were not

as marked as those

observed in the previous trial using younger seedlings. HNutrient

amendments did not significantly alter the total heignt, root weignt,

total weight or weight of necdles. During the summer months, the

height increment was increased (**) in the fertilised, high water

treatment. Over the period of the trial however, fertilisation did

not significantly alter height growth.

Shoot weight was increased (*) by fertilisation whereas a

decrcase occurred in the fine roots/needles ratio (**), the

root/shoot ratio (*), the weight of fine roots (*)

<

of mycorrhizal roots (*).

K.marginata. llutrition markedly improved the growth, leaf

and colour of jarran seedlings. Up to midsummer, the survival o

and the abundance

9]
=
W
()

H

jarrah was much better (**) in the fertilised treatment. Oncc these

plants were subjected to a water stress however, nutrition did not

improve survival.

Effects of watering treatment

1 .

P.pinaster. Over the period of the trial, the

was greater (*) in the high water treatment. This

ct

H

significantly increased the weight of the tas roo

the abundance of mycorriiizal short,roots.

heizht incremeant
treatment

(**) and reducad (*)

E.marginata. Up to midsummer, the survival of jarrah seedlings

was not influenced by waterin

o
o

¢ oportality was greater (**) in the low water trea

treatment. From then on, the levecl

tmente.
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s At the completion of the trial, 10 root pieces from each of

— L

v

the eight treatments were plated on 3P agar. P.cinnamomi was not recovered,

These roots were surface sterilised again and revlated. P.cinnanmomi was

not recovered from the controls and one piece from the inoculated series
yielded the fungus.

species of Fythium and Fusarium were recovered from both inoculate
and control pots.
Discussion

Pinus pinaster

With these older seedlings, markecd resvonscs to the various treat-
m;nts were not readily obtained. 1In contrast to the younger seedlings, the
pattern of growth in these plants is partly determined by their environment
prior to the trial. With only one seedling/pot, the variation within
treatments was greater. It is likely that a larger number of significant
differences between treatments would be obtained if a greater number of

seedlings/pot or a larger number of replicates had been used. Nevertheless,

a number of significant differences between treatments did occur.

As with the younger seedlings, no parameter of nlant growth or
plant health was affected by inoculation. Though the differences were not

statistically significant, inoculation did reduce the shoot weight, needle

weight and height increment slightly. The weight of fine roots and total

root weight were again increased slightly.
The significant differencss in the root/shoot and fine roots/

needles ratios resulted primarily from a greater weignht of fine roots in

the inoculated treatmenis. These inoculated vplants tiius avpear to be

better equipped to withstand adverse conditions, e.gz. drought. However,

=)
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not all of these roots need be functional. In fact, an examination of
bl

other parameters oi growth indicates that the inoculated root systens ar

I

ntly less efficient.

Contrary to the previous experiment, the stimulus which resulied
in an increased root/shoot ratio occurred in the low water and noit the
unfertilised treatment. In the former trial, the absence oi fertiliser
seriously limited growth under both watering regimes, wherecas wabter only
limited growth in the vresence of fertiliser. 1In this trial, neither
*tiliser seriously limited plant growih. The reduced

avallnbility of water was apparently sufficient Lo stimaln » roof
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o . ¢he inoculated low water treatment, though it was not
e rion 17

ot grae O U K

) enoush to arfect any parameter of plant growth other than
serlous :

height increment.

E.marginata

A high level of mortality occurred during the trial and the

survival of these seedlings was markedly aifected by nutrition and waterir

Mortality commenced about two months after inoculation and
occurred in all treatments. During this period, the soil was kept moist
by a one incn water table in the bottom oi the bucikets. The symntoms

observed were a scorching of the leaf, particularly at the tivn and

edges. This scorching progressed and the leaves were snhed. A tip diebac!
of the leading shoots followed. Epicormic shoots develowned on thne stens

and main branchlets. This new growth remained healthy for a period

and tnen the vprocess was repeated.

2]

Fertilisation with Aquasol promoted shoot growin, leaf size
and colour. Though mortality occurred in both fertilised and uniertilisc
treatments, the vercentage survival was significantly incressed by the
th resulted from a

addition of Aquasol. 7The symptoms indicate that dea

comoination of nutrient starvation and drought effects. It is considered

[
<«

that these effects werz the result of root damage caused by poorl

aerated soil conditions, prooably accentuated by the presence of Pythium

svecies.

From midsunmmer, the level of mortality in the low water treat-
ment was increased significently. This is to be expected if the root
systems were damnaged as suggested above.

On examination at the completion of the trial, the root system

of jarrah in all treatments were found to be extensively rotted, with few

fine roots and a complete absence of any recent root growth. In the

N\~

controls, roots up to 4" were damaged. In the inoculated pots, the
lesions extended into the stele of even larger roots and, in some
cases, into the collar region.
A significant inoculum by nutrition interaction occurred in
midsummer. The survival in the fertilised control was better than that

in other treatments. This indicates that fertilisation is unlikely to

increase the reccistance of jarrah to P.cinnamomi roo: rot.




Conclusions
gons- ——rv—

1.

Inoculation with P.cinnamomi did not significantly affect

either the health or growth of older:P.pinaster seedlings.
As with the previuus trial, inoculation appears to stimulaie
root production in P.pinaster, presumably co compensate for
a reduction in thelfunctional root system.

The resistance of Z.marginata seedlings is unlikely to be

increased by the application of nutrient amendments.

E.marginata seedlings are very susceptible to conditions of
o

poor aeration though the waterinz treatment used was not
detrimental to the growth of F.pinacter. This factor,
coupled with the obvious lack of recovery of these root
systems must contribute to the poor performance of this

species in arczas infected by P.cinnamomi.
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:DIEBACK LIVESTIGATIONS - FOREST RESTARCH LISTITUTE, KBLIISCOTT.

ITRODUCTTON:

Ly This repnort summarises the studies beins carried out on
- '~
jarran dieback reforestation and sunplements th2 renort
submitted by D.7.0. P.Kimber and A.D.?.0. S.Shea.

P Tne Commonwealth staff at the esbtern Resional Station
consists of 1 Research Officer (ifr.C. Palzur) and
9 egsistants. An A.D.T.0. from the West.Australian
Forests Devartment is currently stationed at this centre.
Tne Commonwealth is nroviding technical assistance for
this officer as well as laboratory, glasshouss and office
facilivies.

SCRESNTUG OF CAITDIDALYT SPECTHS FOR RESISTAICH TO PIYTOPHTHORA CINNAMCLI.

Introduction.

The partial destruction of the jarrah forest cormunity
caused by the root rotting nathogen, Phytoohthora cinnamomi, necessitates
the reforestation of these diszased areas with an alternative forest crop.
Tr=z spnecies selected for the reforastation of diebaclk areas must make
adequate growth in the Vest.Augtralian forast envirvonnent - an environ-
ment which now includes P.cimiamomi. The successfnl candidates should
therefore possess a relatively hien tolerance to P.cinnamomni root rot.

Candidate species mugt denonstrate their ability to survive
and grow well in field »nlantings established under overational conditions.
Ultimate success will be obtained once a snecies has reached rotation age
or, at the very least, has besn marketed for a return which is in excess
of the cost of establishmnent.
The early vromise showvm by a number of svecies in divisional
field trials should not be taken as a guarantee of ultimate success.
These trials should be viewed in the light of the following factors :-

(i) They are normally established in the "0ld Dead Zone"
inside the diseased forest boundary . The inoculum
vovential in this zone is severely reduced and
build-un of inoculum may therefore Hak2 a nunbvar of
years. DExoerimental nlantingg with Banksia grandis
seedlings indicate that this snecies can sucrvive for
considerable veriods in the '""Old Dead Zona".
Ultimately reinfection and nortalities of Banksia
grandis do occur.

(ii) The nlanting site is usually cultivated thoroushly.
This reducvion of living nost matarial would further
decrease the inoculum notential of thase sites

(441) T ne sygtem of the planting stock is limited

im2 will elanse before a hicgh level of host

has been vroduced. In the early years of

Lishnent the nlant and the fungus ars physically

ted and opnortunity for infection is reduced.

Bucalyvtus saligna in nlantations in

e native habitat in liew South ualoo nas

en recorded. In both caszes the disowder has baen

&
attrioused to Phytovhthora cimnamomi root rot.
Decalyobus sa-igna nas shovn good survival and growth
in the trial nlots established to date. On ths »nlot
evidence alone it ¢ 11d b2 rarandad a3 ona of onr
wra Jponising mhaciag,
Cﬁ-j,..v‘-":—\-xr\‘::’_ PR ITIR Q.‘: “r"‘(}‘_‘;i and monar can regilt From la-~-»
g T eyl e it To reriodn of time, eaca Lty
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ror the spread of the pnathogen. Thig is particularly imvmorbtant in
the case of P.cinnamomi where susceptinls species, such as Pinus
radiata and P.echinata have been shown to have a resistant phase
hetween the ages of 3 and 20 years approximately, bub may then fail
from attack by P.cinnsanomi.

The number of nosgible candidates is larse and mast he re-
duced to a manaceable Tigure »rior 4o inclnsion in fi2ld trials. Some
snecies may ve excluded as being non-comnrzcvcial by curvent standards;
others will vrove to be unsuited to the Wesh. Anstralian climate mnd/or
soils; some will fail because of severe root rot induced by P.cinnamomi.

A large number of factors can injluon ce tne resisbance of a
candidate snecies to Puytonhthora root rot. These may be listed as

follows :-

1. Factors of tha nathosen.

(a) Tme mmber of vropasules at the host surface
(b) The virulence of the lropwguleé at the host surzface
(c) The genotyne of the pathogen.
2. Factors of the host.
(a) The genotyme of the host.
(b) The ontogenic (developmental) stare of the host.

3 Enviroamental factors.

(a) Their effect on the mnathogen
(b) Their effect on the host nrior to and
nost inoculatioan.

It would be impracticable to accuwrat ;ely assess' the influsnce
of all of these factors if one relied solely on field trials. Clearly
a concurrent field trial and glasshouse scresains programme is warranted
Screening for resistance to P.cinnamomi shonld initially boe carrLod oukb
under glasshouse conditions whevre the fachors under stndy may b2 move
closely controlled.

It will be necessary to extend the rasults obtained from these
trials into fiel veriments. In the initial stases, selactad nlants
which are susceptible to P.cinnamomi in the zlasshouse, will be included
in the field trials, to test whether they axnibit any derrea of field
resistance., The field trials should test the candidate snecies under
conditions suitable for the growth and spread of P.ciunnamoni. The usa
of nlanting stock atf close snacing in areas where there is evidence of

a high level of inoculum,is recommended. Adequate site prenaratio
fertiliser treatmenis should be vrovided to the gpecies under test so
as to minimise losses which may occur as a result of inadequate establish-
ment nractice,

These trials will test both the dis2ase resistance of candidaie
snecies under field conditions and the ability of thase snecies to prow
sucecessfully in our environment.

Scrponlnv trials will be discugsed undar these major headings :-
1) Pot trials
2) iutrient culture trials

3) Field trials



Gr TRIALS.

y ; N ; L3
(a) "To test the resistance of 43 snecies of BEncalyptus At T =
to P.cinnamomi, in sand culture'. EERRA
Resulis. P.cinnamomi has been recovered from dying

seedllngs of the following swecies :-

Bucalyptus cloeziana Bucalyntus wandoo
. baxteri globulus
vilularis sieberi
obliqua salubris
micrantha andrewsii
radiata ’

In some species a mariked resistance to inoculation as
expressed by mortality, too growth ahd root development, has occurred.,

r]LJpA’N —-"A1l inocnlated plants of B, sieberi, E.scabra, and L.ClO@Zl?ﬂ& oolWanbed

Figwh P /In E,obliqua a marked depression of ton was evident. In some species,’
including E.marginata, there was no noticeable devression in shoot
develooment.

The root sysbams of ¥

obligua and B.baxteri were noticeably
better in a POnt“O] seriesg. With E.zlobulus, E.salisna, E.rvobusta,
E.microcorys, BE.orandis, E.goniocalyx and B.blakelyi, soma damagce to
the root systems in the inoculated series did occur. Howsver, the
root develonment of these species in the inoculated nots was much

better than that of B.marginata, E.obliqua and E.baxteri.

Ocr—-

Ducalyntus and Pinus vinastan

(b) "o test 31 species o
Leiria) for re31st\noe to P.cinnamoni in sand culture".
Al app
The trial is still in »rogress and no resnlts are Ve 73

available as vet.

(¢c) "To test seedlings of some coniferous speciss for
resistance to P.cinnamomi in sand culture'.

The experiment was designed to test whether P.cinnamomi
is pnathogenic to Pinus vpinaster and to comnare the resvonse of this
species with thot of other,hosts.

amﬁkuww»ﬁwaéq

Results: P.cinnamoni has been recovered from root tissues of

all specieghgﬁggft Arancaria cunninshamii and Callitris glauca.
Svecies Averacse Root Rot Renmaxrks.

Rating B

A.oyramidalis 5 Root Rot rating:-

P.halepensis 4.3 0 indicates Nil Root Rot

C.lusitanica 375 1 n 0-55 " n

C.glauca 3.5 2 " 5-20:5 M i

P.insularis 3.4 3 "W 20-505 " n

P.radiata 3.3 4 W 50-905 1t M

P.pinaster (Leiria) 3.3% 5 H comnleta Root Ro

A,cunninghanii 3,0

P.vinaster (Corsican) 2.9 4

P.taeda 241

P,elliottii 1.0

*¥ liean of 2 pots

ﬂ nono g "




(a) "The influence of nutrition on host resistance to
P.cinnamomi"

The effect of eight nutrient regimes on the resistance
of E.marginata and P.pinaster to P.cinnamomi is being studied in this
trial.

The vots were sown in April and inoculated in Octoter,
1967. A growth response to some of the nutrient amendments has
occurred. ilo mortalities have been recorded to date.

(e) "Suscentibility of Pinus pinaster seedlings to
infection by P.cimnamomi"

The influence of seedling age, nutrition and Wwatering
levels on host resistance isg being studied. e trial was inoculated
in May and October, 1967.

A marked resvonse in height growth to nutrition has
occurred. Inoculation with P.cinnamomi has resulted in a slight

depression in height growth.

NUTRIENT CULTURE TAHKS.

Detailed root examination is difficult when nlants ave zrow-
ing in soil and small seedlings are capable of surviving for long
neriods with very little functional root system. Becaunse of thesa
difficulties a liquid culture tank has been emvloyed by a number of
Rasearch workers studying host resistance to P.cinnamomi. - This tzchnious
nrovides a ranid stendarzd screening test and is adnmirably suited for
screening larse nunbers of candidate soecies. The Forast Research

O

Institute has recently nurchased a large nutrient culture taon!

Prior to the installation of this tank it was decidad to test

some of the techniques develoned by other Research worlkers. A mnhar
of small expariments were therefore comwanced

The first ain was tO‘éuccessfulI‘ establish seadlinss' in a
nutrient culture solution; the Second to infect these vith zoosnoras
of P.cinnamomi. Both of these techaniques have been successfully carriad
out.

FISID TRIATS.

These trials are located in the Gle

neacsle Division. Tubed

stock was raised at Hamel according to the "U. C.“ sryston,  Aneas were
planted in Jnly, 1967. The species chosen exhibited varrins desrees

of tolerance to P.cinnamomi in not trials. The stock was nlantad on

the following sites :- i

Lateritic gravels
Lateritic silts
Red loams, and

Sand
SOTI, BAT'TIHG.
A number of soil samplea have been collected and bhait=ad for
the nresence of P.cinnamoni, using the lupin baiting technicne. Tha

—-1

1ajor rasults sre listed below :-
(a) E.diversicolor - Bridgetown/ﬁannup Road:

Soil samvles collected from beneath a stand of dyins Hawed

vielded P.civnanoni. The funcus was not recovared dirankly

froa the Xarvi roohs. Elruqev regseanrch on the resisvancs of
’

L
Xarri to P.cinnamoni, 1is being nlarmad by lir.2.Pal=ar.



(b) damel ursery:

Several nlanks were collectad and »nlated at the request
of the Hamel staff. The following recovaries were obtained :-

BE.lehmanii P.cinnanoni and nsematodes
P.radiata Pvthiun species, Fusarium species and

nenatodss.

P.ninaster Pythiun soecies, Tusarium snacieg »nd
nematod~s.

(¢) Snhannon Division - Yestcliffe L/SS:
P.cinnariomi. was recovared from the roots of P.pinaster and

a species of Pyithium frou those of P.brutia, P.patula and
He.redunca.

>
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Dwellinsun Diviasicn - Tee
A soecies of Pythium was recovered from the root tissuans of
dring secdlings planted in this trial. Tha fungzus ves
recovarved frow the followins soecies -

P.caribaea, P.21liottii, P.insnlaris, P.patula,
B.olomlus, E.nilularis, Cunpassng lugitanics,

Callibeig C"lC“"J1ﬁ.

(9) S0il samnles collectad by A .0,  S.Shan from loscing acndanand
vorkine in diebaclc arc y haited Toi fha ni o
of P.cirmanoni. Sever vosibive recoverias have bheen
obtained.

CO-OPERATICON WIVH A.D.P.Q.  S5.50EA.

Inoculum for the fiald infection of Jjarrah stands in the

Dwellinsup area has bean nroduced at the Forast Research Institute.

Lunins infacted with P.cinnemoni have baen used as fthe source of

inoculum.

COdCTLUSTONS.

L. ' It anpears that a wide ranse of Ducalyobts are hoscs of

P.cinnamomi bub that a numbsr of tnese could ve moderately tolearvant to

root rot.

It is recommended that those p‘ ies which have exhivited a

nore marked response to inoculation than has W,marsginata, should not

be nlanted in diebeck areas. E,obliqua, sisberi, scabra, baxteri and
“cloeziena fall into thig catesory. OF the 13 new hosts, 8 belons to

the Stringy—bmrk/Ash sroup of Fucalypts (Blakely's sechion Renantharcana).

Thig section includes the bulk of the hardwood snecies of economic

irmortance to Anstralia. Some snecies in this zroun have not exhibited

severe symptoms of roob vroh at this stage and may ultimately vrove 4o

be field resistant to P.cinramomi. For the time beinz, however, t\is

croun of snecies snonld be regardad as susnect and are not recomrended

for larze scale sinsle snecies trinls. At this stase no sinsla Thenlind

can be recornanded for large scale nlanting triala. A nuaber of npeniln

have shown sone desree of toWArahﬂn to root rou. Th is recommended thatb

a mixtuza of tha following be used in Divisioval nlantine trisls :-

‘

rlobulus

o,

N.solie ona.

I nyon1ﬂunﬁ ’
B. -on10ﬂ11jx
B, rreandig
B.vesinifern

e | . .
s L EVOCONY
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‘ " ,//i, Pathocenicity of P.cinnamomi to the Leirian and Corsican
* 7 [ irains of P.pinaster has been demonstrated. The root xot rating of
e p.ninaster is higher than expected in view of the field tolerance

shon by this snecies in a range of dieback sites and over consider-

able neriods of time. Althoush severe cortex rottineg did occur,

the vascular steles of P.pinaster were affected only on the tins of

the nrimary roots. The field tolerance of thia snecies could be due,

” {4 in nart, to a hich capacity for regenerating a damaged root system by
{/' buddine off new laterals throuch infected cortical tissues. Because

of itg current field tolerance the continued use of P.pinaster is

e recommended. Firther trial nlots with P.taeda and P.elliottii are
- warranted. [ —
A S i e
_JJ;”// 3 It is considered that nlanting trials in dieback arecas
g should aim to fulfil the following neseds :-

(a) Tne establishment of trial plots to demonstrate to
the rublic and famer alike that a tree cron can be
successfully srorm on dieback arsas.

i

(b) The establishrent of research »lots to investicate
the following factors :-

(i) TMield tolerance of candidats gswnecies to

P.cinnamoni.

(ii) Fertilized treatments

(iii) Site nrenaration

(iv) Snecies siting

(v) Type of nursery stock

(vi) Suitability of various soil tyves

(vii) Climatic conditions

(viii) Direct seeding trials

£>

(¢c) Tne extension of staze 'b' into large scale field
practice.

Lo These need not be larze and nlots of 1 to 2 acres are
considered %o be adenmaate.

N

With these nlots success, rather than cost, should be
the ultimate criterion.

s The following proceedures are recornmended :-

(a) The plots should be established well wiithin the
"0ld Dead Zone" where the inoeculum of P,cinnamoni
is alre=ady low.

(b) The level of inoculum shonld be furiher rediced br
a nre-nlonzhing kill of host svnecies wit:

(¢) Tne sites should bve cultivatad thoronsnly by
plonghing, fallowed over swamer, and re-nlonshed
before nlanting.

(a) Wnere necessary, adeaquate drainace should be
nrovided.

P 2

(e) Tree svecies tolerant to P.cinnanomi should be
nlanted at wide spacings.

(£) Tor the time veine, nlantineg shonld be



restricted to the better sites.

(g¢) Production should be improved by fertilizer
amendments with nitrosen and phosphate.

(h) It may vrove unwise, at this gstaze, to nlant
exotic Bucalynts alonzside highways and major
roads. \Where this is unavoidable, it is recommended
that a screen of P.pinaster should be nrovided.

RESEARCH PTLOTS.

The establishment of these vlots will regnire a great
deal of co-oneration batween Research and Divisional staff and
co-ordination within Divisions if we are to obtain the mexdmum
return per dollar invested. A meeting between Research Officers
and Divisional staff should be considered so that a policy on
these trials may be prenared.

LARGE SCALL FIZLD TRIALS.

=

The extension into this final stase for snecies other
than P.pinaster, is not considerad to be warranted for the vresent.
To date this is the only swnecies which has been extensively tested
in existing trials and which has demonstrated its ability to swvive
in dieback areas for considerable pneriods of tine.

P.pinaster has several other advantaszes :-

1. Proven adaptability to climat

2. It already supvorts an existing and growing industry.
3. A considerable knowledze on the silviculiture, senetics

and nursery nractices with P.ninaster has alresady been
accumulated by the Denartmant.

F Za

/F.BATIIL,
A.D.M.O

1/11/67.
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1 rODUCTT Ol

Bell-Birds ieeding on Feyllids sre @n old associsiticn in
wet vellevs around Svdaney even t houph conclusive evidence of Lhie
feeding hebits of the virds nes only Tairliy reccently vbeen vro-

\

duced (loore 1962).

The Psylilids are nzrasitised by other insects as vell as
eaten by birds and ior this reason pOﬂul”tﬁon° vhere they oegur
rapidly become static. weatner conditions &lso plaey 2 vart in
Psyllid "plagues.,'

There is speculation amongst mntomologists about the
effect of Psyvllids on the health of trecs,

Cbviously there is debilitation and tnis varies vith the
extent oi' the infegtation, On the other nend mostl mniciolce—
gists look for anocther czuse when trecc desths ensue ¢l tne ate
observed in some areas near wyong. Thisg is vhy lLeere hos

\
sureested in the publication cited above thaet Feyliia aiiaci may
only b part of a disease syndrome,

Previous work done with tree vwoisoning hos taovwn thet
hormone weedicides oi the type of 2.i1.5-T drusticelly rcduce
starch reserves in trees and in part at least, ihis exnlains ile
way such weedicides vorl,

Using this pclory, an investigation was carriea out witir
trees showing varying degrees of Psyllid attack (Eartigen,
Humphreys and Kelly 1961 in the WyOn[ area, and it wvas denon-—

strated that sapvoo -starch content uld DO correlated directly
x;th severity oi insect attack.

This means thet continued Psyllid attack could poovibly
explain tree deaths wilthout having to nostulsate any octnor
circumstance, The evidence is however only circumstioniiszl,

The taxonomy of the Fsyllidae slill remains tc e voilkcd

out and there are ccensiderable gavs in our @DOulcuLG.

Some Psyllid infestations seem to be relatively cv"
and not necessarily associated with DP]T—Llrdu vhile elscvw
the constancy of popnulations anG nrescnce of Hell Birds hu
established by locsl vlace names such z¢'Bell Bird Hill'

Ku

urrajong,

The VWyong area is of the latter type &nd Hell Birds haove
been a feature of this district for muny years. ""ne Pesyllid iz
Glyczspis (Sponcdyliasvis) supb.

Prescnt vosition at ‘vong

Iv may seem surprising thet the dic-back descerived by
lioore in V.yon: forestry sub-district has attracted so liitle
attention cver the last 20 years but the onsct has been very
insidious and is muasked vy sessonal variations in forest cover,

B« S2lipno E,., propingusa
E, deenel L« Depiculats
L. microcorys Syncurpia Leurifolia
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It is poseible at this time to dcTnct the arezo.efl
debilitation bty inspection with a Teir degree of accuracy
end local farmers have incdicated an &derbnb sorend of

2 miles in 10 y@gars.

It seems that the afifected area covers cbout 1
miles Dbetwecen Vyong and GesTord on hoth sides of the
line but it is Dbrokern up considerably by low ranges
with naturs1l Dbrush Torest.

There is clso & lot of land development and srmnll Torrms
so thot trees are tending to té cleared all the time nnd this
confuses the pnicturc.

In previous yeazrgs thes

forecstes have been exploited very
intensively for rail slecners snd con 3

nstructional timber =and

they have also been damaged by Tire, so that from the timbor
point of view the trees remainiang QO not have a great cconocmic
value.

There hag co T2r been no ocpread of the diseacse to the
better areas of Ourinbah State Forest @#nd the pattern of
attacli to date seems to indicate that any movement will e
slov .

The disorder appears in natches ol several hundrcd acres
in extent usually originating frcem about half way up & hill to
the ridge itself znd then spreading slong the ridge. Lt is
assumred thzt this potitern igé dvs Lo the distribution of sus-
cepltible specieces which is in turn a reflection of soil

conditions,

In the creek bed for exomple, Turpentine flourishes and
is apparently unaffeccted hut this t'cc 1s also- more oy Jless
A

free from Glycaspis -~ It ie susceptible to a more rare
found Psyllid (Moore - private com=.).

Such an observation as this would apupcar to tie-in the
die-back conditions sguurely with Psyllid infestation end
more specliicalliy CGlwycaspis infestation.

However, this is not nccoesscrily the complete story gs

Up tiil 1So07, it was genzrally ascwacd that starch
depletion as 2 result of continued Psyllid a-iack satisfre-
torily exploined . the condition cf trecec in Vyong sub-dictrict.

In that ycar hovever, an officer of the Y%West Lustirslinn
Forest Service peinted out that the conditions of the trees
resenbled that of the Jarreh “orss arvfected by Fhytophthcorsz,

An investigation Tor the presencc cf Phy 8
then commenced and FPhytewnhthora cinnamomi Qa“ds NAS fo7n in
soil samnWCQ taken from t I3 t
Lisarow (1957) znd Palmda
nicue (ulter Campbell 19hG),

n e
uesing the anp

The Lupin trap methed (after Kheng Hoy Chee & Hewhook
1965) proved unsatisfactory.

Later this year (1968) rccoveries dromped off end at
the beginning of 1909 contamination principally vith
IMasarium reduced Phytophthera recoveries to zero.

‘7
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A il should be mentioned that 1968 was a drough
the Sydney district. Recorded rainfall was 21,55
with avew ge of L7. 75”

‘ It also proved difficult to obtain soil corez on the
slopes of the ranges because of the drynecss of the soil.

In Liarch 1969, after heavy autumn rains the nictur
changed dramatically and once cgain Phytophthora wes reccvert
~gradually building up to about 30% of sampling, und it conti:
ued at about that level fcr some months until recently,

Sept. 1969).

It is probably an over simplification howvever to say
that low scil moisture is the only factor involved in
reducing Phytophthora recoveries,

Under conditions favourable for Phytophthora recovery
-1ittle trouble was experienced with Fusarium, Mucor znd
Penicillium in the isolutlon procedure used so that one cen
assume that the soil metabiotic balasnce is completely
altered after rain.

¥arx and Bryan (1962) have mode pertinent obeervations
in this con:cection claiming that soil m01s1rre (vy enccurag-
ing soil bacteria) alters the mede of infection by Fhyt.
cinnamomi which is none the lecs infecticus under conditions

By encouraging Zoospores production in Phytophthora cs
apparently soil becteria do the time reguired for ponn? tion

by other fungi may be decreased and this might accocunt for ir
greater success of the apople technigue after rain, LAacE ¢

recovery therefcre might not mean that the fungus was not
present but only that Sporangia were sunnrecssed.

)J

Identity of the Fhytophthora cinnamomi Rands was estao—
lished by comparison with a culture imported from CHL(zZn:l:
measurements of chlamydospores and sporangia.

n

Assessment of Situstion

Until pathogenicity tests are carried out it not rocssit
to sy that thc »resence of xthytcphthora cinnamomi is the ove
riding factor in the Wyong die-back situation.

At this time and stage of investigaticns, it looks aes i
we have a rather complex problem in wvhich soil condition,
Psyllids and Phytcnhthorse all rvlay a nart,
hogenic without the

Yhether the fungug vould be ho
ttack has yet te be ghov

T
conditioning provided by the insect
but one would cuspect othe?wise.

4
W20
e

Experience with FPhyt. cinnamomi in ninus sop has showvn
that it causes demage first to seedlings in the pre-mycorrhysz
investment stage, second tc young trees when they are rlanted
out in shallow h‘tcr logeed soils, and thirdly in mature tree
under conditions of severe ccmpetition,

The Vyong area has suffered more damage tc trecs than
another cloee to Sydney vhlch has also oayporiea a c"'1'10/
Bell Bird associction for many rcars., This is Kurrajong
about 20 miles west of Sydney.
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No Phytorhthora has yet bezen recovered from the Kurralong
area but:in the light of the vagaries of the fungus this may
not mean very much.

At Wyong a trial planting of Rucalypts about 1 acre in
extent was put down in 1964 in a valley flcor arez a@jacent to
die-back Eucalypts and about 200 yards distant (Pzlmdalc).

[

The trces in this plot principeally Euc. grandig and
Buc., pilularis are doing well but so far there is no evidencse
of Psyllid attack and of course soil conditions are better
than on the hill side.

The restriction of die-back to shallow pcor soils is not
however a valid presumption because another area (called Static
4 in the current investigation) shows die-back along a creek
side in deep loamy tho poorly drained csoil.

Phytonhthcra
The most worthworthy observation which has emerged from
studies made on Phytophthora in relation to Pinus sppn., is the

extreme of variability of toxicity -among isolates under the
difference conditions imposed by glasshouse tests.

One has the impression that the pathogenie character of
the fungus is directly related to external facltors affecting
the host plant, eg, drought, water logging, nematodes, tempera-
ture, soil fertility and of ccurse in the case of the Eucalyots
mentioned herein attacks by foliage destroying insects,

Like Rhizoctonia and Thellophora, Phytophthora takes con
a pseudo-mycorrhyzzl habit with Pinus, and its activities as a
pathogen are restreined by ectotrovhic mycorrhizes,

It is now knowvn to what extent Eucalyptus spp.offer the
same form of resistance to Phytovphthorz cinnamomi but it seems
highly likely that this is so and the external factors mention-
ed above could be then regarded as the {irst links in & chain
which ultimately reaches the rhizospere inhabiting micro-
organisms,

The highly pleomorphic character of the Pythiaceae
generally malics their study difficult,

Small variations in artificicl media such for example
as exists between PDA prepared by beiling potatoes and "Oxoid"

plate arpearance,

Sporangial forne of Phyi. ecinramoml often eclosely resembl
Phythium sppn.

The liberation of Zoospores often display curious varia-
tions not mentioned in text books of taxonomy, e.g. the partial
loss of protoplasm &nd the reconstruction of zoospores from the
residuum still remaining within the sporangium,

These and other peculiarities meke the study of
Phytophthora fascinatins but extremely puzzling.

They stress the importconce of environment in the cetiolo
of’ the fungus,
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An expceriment conducted scme yezrs age using a bassl
inorganic szlie medium and 1. addition of L5 different
carbon sources (including 16 sugars) showed thut Glucose,
Starch and Dextrin were the favoured carbon scurces Ior
Phytcphthora cinnsromi and were supcerior tc maltose cnd
sULCPOSe . ‘

Reversing the order, the inorgenic basal mediwum plus
1.0% glucose and 0,15 of 15 Mitrogen sources (anludlng 8
amino acids) were tested and it was found that Phytonhthora
cinnamomi favoured peptone, ammonium di-hydrogen phosphate
and L-Asparagine.

surface

by sparse
1@ be the

i " —
t this

Unfavourable nutrients were indicatc 8
spreading growth and one would imagine tha 16

Torm the mycelin vould have in soil,

aox
V/OU

At this time in Lustrzlia vhen the range and tozicityr
of Phytophthora cinnamomi is being established considera:le
care should be taken with taxonomy. This is said bccause
the circumstances are difficult.

At Wyong for cxammnle only isolates which »rocduced
normally shaped sporengia and whcse spore mass was not re-—
strained for more than a few seconds on relez vere accepted
as Phytophthora even tho' a number of isolates pro.uced
variations within a normal range of definition,

N (TJ

It is likely that workers in this field will postulatc
the existence of strains of Phytonhthora cinnamomi to account
rfor puzzling variation in toxicity but before this hanpens it
is desirable to be sure of species

1 idea
ise

m
»

The compilation made by ¥Yaterhouse (1956) gi
of the enormocus host range of Fhytophthora and ru
guestions of the velidity of species,

m <

e
t

RY)
[

Phyvtophthora cinnamomi isolastes from ninus sodr closely
resemble the fungus isolated from =soil rcotlets under
Bucelypts and it is understood that the Vestern Australian

ucalypt isolates are pathogenic tc pinus spp., (private com:.).
o perticuler srecies variation therefore seems to have yet
apneared to identify the fungus vwith Eucalyptus,

Discussion
There ic some circumstantial evidence to associate the
aieback discorder in the hyong—GooLora ares with Phytorhthora
damage but the onresence of a major debilitating factor such
as Psyllid attack complicates the assesszment of the situaiion,
I the Phytorhthora cinnamcmi isolates ot Vyong are
identieal with those from the Jarrsh arecas in regard to patho-
genicity, it may be sugrgested that there is so Jvthlnb miscing

a a8y
in the hoct/bctﬂogmn relastionship as ve luow it,

Shallow escils *Dﬂ ﬁerioﬁic Tlooding are the conditioning
Tfactors so far mentionsd in “estern fLHuctrelia snd these same
factors mey v¢ ecting at Tyonb, The point to he deccided is
whether the presence of Psyllids is an artifact or an addition-
al casual factor in the ~yong decline.
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Bell Birds are associfited with Glycaspis spp
(r. stllldae) in moist valleys in Hastern Australia
around Sydney and in one area (Gosford-Viyong) there
is a large proportion of moribund trees (Hucalyptus-—
Angophora) in Psyllid damaged stands.

Phytonhthora cinnamomi Rands has been igolated

Ifom 5011 and rootlet samples in this area but not at
Kurrajong which has been also subject to Psyllid attack
over many years,
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Attentigg Mr. Eastman

The world distribution map for Phytophthora cinnamomi (C.M.I. Kew)
indicates that this pathogen occurs in all of the countries where P.pinaster

is indigenous - e.g. Spain, France, Portugal, Italy and parts of the northern
coast of Africa.

Pinus pinaster has demonstrated its resistance to P.cinnamomi root rot
in the seedling stage. With other species of pinus - notably P.radiata and
P.echinata, the disease may not exhibit severe symptoms until the stand
is near or above twenty years of age. Our oldest P.pinaster stands in dieback
areas are just approaching this critical age.

It was therefore considered worthwhile writing to Forestry sources
in Europe and assessing their views on this pathogen and the resistance of
P.pinaster to it. Mr. D. Perry offered to write to a personal friend
in France and his letter and Mr. ILLY'S reply are enclosed for your information.

The reply obtained supports the inferences drawn from the literature i.e.
1) P.cinnamomi is present in the Landes region of France. This pathogen
causes some damage to chestnut and oak trees in this and other regions
of France.

2) P.cinnamomi is not considered to be a phytopathological problem
on P.pinaster. This probably accounts for the absence of P.pinaster
from all of the hosts lists published to 1967.

3) It is considered that P.cinnamomi is probably endemic to the Landes.
Even if this is not so, it is obvious that the fungus has been present
in this region for a considerable time and there is every likelihood
that it has had the opportunity to spread into the existing P.pinaster
stands. '

L) If P.cinnamomi is truly endemic to this region of Europe, P.pinaster
must have evolved with this pathogen as part of the environment and this
may account for the resistance of this species to Phytophthora root rot.

5) Though this data does not suggest that P.pinaster will be resistant
to root rot under all conditions, it does indicate that, in most situations,
the degree of damage incurred will not be great.

W Al
FRANK BATINI
SILVICULTURALIST

; F%,(??7/k{frw“- @J7(£ 7 ey,
), T Wepe — 2 g |
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26 Egham Road,

Victoria Park,
Western Austiralia. 615C

Monsieur Georges ILLY, 26th July, 1968.
Station de Resherches Forestieres de Bordeaux,

Domaine de l'Hermitage,

Pierroton, Gironde,

FRANCE.

.Dear lMonsieur Illy, .

I am writing to you to ask if you can help me
with some advice about the occurrence of the fungi, Phytophthora cinnamomi
in the Landes region of France and the resistance to attack that may
have been developed by Pinus pinaster.

In Western Australia, our very valuable “ucalyptus
marginata forests are threatened with extermination by this fungus. It
has been introduced accidentally into this country from Europe and this
Eucalypt has no resistance to it.

Fany of the sites where Eucalyptus marginata
is being killed out are suitable for growing Pinus pinaster, and we
hace instances of this pine reaching an age of 18 years and still in
a healthy condition on such sites. The Forests Department would like
to extend plantings of Pinus pinaster on these affected sites but
before instituting large scale plantings would like to have further
information from Europe concerning the occurrence of this pathogen
and its effect, if any, on FPinus pinaster. VWe have found one example
here of Pinus pinaster which had reached an age of 40 years in a
shelter belt on an irrigated farm and then suddenly died. Phytophthora
cinnamomi was subsequently isolated from both the roots and the
soil. Our pathologist has carried out screening trials of Pinus pinaster
in the glass house and these demonstrated that thls species is
resistant to Fhytophthora attack.

The sort of thing we would like to know is:-

1) Is this pathogen endemic to the Landes.

2) Bas it been associated with agricultural or orchard crops, forest
nurseries or adult trees of any species,

%) Do you know of any instances of other shrub or tree species growing
in association with Pinus pinaster which have been killed by
Phytophthora, leaving the pines unaffected.

Personally I think that it is highly probable
that Pinus pinaster has evolved in association with FPhytophthora
cinnamomi and has developed a high degree of immunity in the process.

Please accept my apologies for troubling you
with this matter, but any assistance you can render will be greatly
appreciated.

With very best wishes to you and your family
from my wife and myself.

Yours very sincerely,

PS. The progenies (half sib) from D.H. PERRY.
your Landes plus phenotypes are T

doing very well but no measurements

are to be made until the trials are

five years old.



Translation of letter from kr. G. ILLY, Foreczt Research Institute,
Bordeaux, in reply to 2 letter from lir. D.H. Perry, Forests Department,
Vestern Australia.

Dear Mr. Perry,
Thank you for your letter. I am pleased to hear from yor
and to be able to be of some assisstance.

The information you requested was obtained from
Mr. Lanier of the Pathology lLaboratory at Nancy as I am not conversant
with this subject. He says:

" We have a fairly good knowledge on Phytonhthora cinnamomi, especially
since research has been carried out on the 'ink disease' of chestnut

with which P.cambriora and P.cinnamomi have been associated. A few ycars
ago we found cankers on red oak in the Basque region and P.cinnamomi was
recovered by Movau of the Museum in association with these cankers.

th ¢
In reply to question 1, it is certain that htis fungus exists in the
Landes region and that it is probably endemic to this area.

In reply to question 2, the fungus damages chestnut and oak trees.
In reply to question 3, this pathogen as far as we know has not been

recovered from Pinus pinaster but it is possible that it is present
within these stands.

Ve do not have any evidence that it is a serious phytopathological
problem on maritime pine."

With best wishes,

(Signed) G. ILLY.
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Dr, B, Pratt, Departmcnt of Forcsiry, A.il.Ue,
Canberra.

1. Soil Type, jiicrobinrl Ponulationn, :lhizosnhere Effects
and Phyvtophthora cinnazoni

One of tne wmoat outstanding fecaturcs of tne E, parain:ts-

P, cinnamomi déisease complex in V,A, ic that the disease occurs in

an intense fora in a nuxber of aress that are different in aspects
such as drainage, vﬁter table, pore size, cheaical constituent

and physicrel constituents, jormnlly the disease intensity weuld
be expected to vary greatly from one areca to another, Pogssible

s

xplanations of this widespread hizh dicecase intensity in V.A, arct

(a) o hizhly pathogenic for: of P, cinnaioni is precent;

ible host muterial

ct

(v) there is an ebundance of hizhly suscep
(poth (2) znd (b) huove been discussed clscwhere), or thut

(c) 8011l miercbicl populutions are such that few biolozical
restrictions are pliced on one or moze phases oi' tie
life cycle of P, cinnanomni in soil,

-he phases can be clussed oroadly ast
(a) myeelicl growth throush soil, on t-ie root surface and
inside root tissucy
(v) production of resting or survival structures such as
reoting sporangioa, Chlenydospores, cospores, cncysted
zoospores or hyphal picces within decd organie muteriul;

(¢) prodaction and zovement of motile coospores {roz sporaasic.

Little is known of mlcerotial j:orulations in YW, ae 89ils,

£y

and more specifically, of microblal povulations in Jarrah ssilco,

it would ve intercstias to cbtain pgensral comparisons of (a) total

zicrobiel populutions and (b) specific wicrosial populations in

Giffercnt oreas c.es in Vea, Jdorrzh forest vhere P, einnarozi is
3 o

present and has become a doxinant pathogsen énd in a L..8.7, co.stal

forest area where J, cinnuzoni is present but has not dovcloped

into & dominant pathogen,
Prelininary dilution plutin: of .A. 80ils for fungsnl
populations indicates low totwl nuzber of fungi cnd buacteria und

actinonycetes compared with ii.5.7, coust2l soils, P, _cinnannmi may
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have generally lower competition in V., A, soils leading to its
oxninance ©s a pathogen, Alternatively the prescnce of

Chromohacteriun spp, which stimulate sporangicl foraztion may

be a dominant factor - V.A., 80ils may contain more of this or
other bacteria which et in similar manner resulting in increased

P, cinnazoni populations, These cre conjectures which reculre

close ctudy.

Progresst Currowan State Forest socll being exeuined for
microblial population; attexpt to stimulate zoospore production
using two local soils in A,C.Te; plans to collect numerous soil

scanles In Ve A,

-~

2, oCurvey of Disctribution of Phytonthnra cimnamoni in Australia

Phytosnhthora ecinnazeni is the most scriocus forest pathozen

in sustralia today. It is important to iknow how widely it is
Gdistributed in different arcas, Tnis survey would be usefuvl in
forecasting probable sites of future disease outbreaks, and could
2lso be of use in analysing the reagcono for the intenesity of

P, cinmmamponi-induced disease in V,A, For example, 1f P, cinnososnd

is found in areas clinmatically similar to those of the Jarrah

Torcet and if hosts of known esusceptibility are precent in

gobundance in these areas, wiy is there no scrious disease problex

in these areas? Differences of s0il type, host s ecies abundm:ice,
or nmicrobial populuticns may be highly significant, ‘o v o doh

these may only e apparent aofter the initicl P, cinnaroni

populations haove becen detectcd by surveys. I1f we have ooviscus
reasons for the agbocernice of disease Troa certain arcas we oy be
zble to explain its significance in W.ih,

Prozresss Hnown distribution of P, cinnanoznl in Australiae

uecensland: liostly in southern and ceatral districts, espcecially
on pincanple, Pinus £pp., avocado, Forect distribution unitown,

VleAs3 Oouth western area and southern area, especially on

rucalyntus marpinata and associated understorey,
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WO.¥es Entire custern coastline and elso in luwrranbidzee

e
it

irrigation arce, egpecially on Einus radiate (nurserics) and

on numerous ornamentals,

Victoriat Suspected on Pinus luashertiana znd Flnug radinta in

1't, iL'acedon crea, Suspected on ornazentzls in Helbourac area,
Tusmanias  suspected on ornamentals in jiobart arca,
Currovan State Forest, Clyde llountain-3atenan's 3ay arca surveyed

on 29,5,67. [Eucalypntus maculata forest, €0 5oll samples tulen

from upper 2 inches of soil, IExanmined by dilution plating
technique at 1:10 dilution on coramcal azar ¢4+ pinuricin 4100 ppuo,
penicillin (penieillin G, potassiua salt (7 ) 50 ppm, + polyoysxin

-

A sy 0 s
sulphate 50pp=z. Incubated 23°C in dGurimcess,

3

3. Screenins for llesistance to inytosnthora cinwaﬂo 1

It is icportant to establish which gpecies of lucalyntus

and understorey plents arc susceptible to ’, cinnanoni, Taus

potential replacezent spceies for E, marginata would be available

if this becazne necessary, and areas of potcnticl discase outbreax
would also be knowm,

Xnoviledge of resistance mechanisms, chemical and mechanica
vill be of value if attemptc are 10 be zode to breed resistant

e norcinata lines,

I'y__cinnamoni peastrate

— e S——

Anowvleé: e of the mechanisms wiercoy

the host root tissucs, the subscquent danese and methods of Killin
must be deterained beliore polentiul control oiechumnisms can be
devised,

Knowledse of the gbundancce of susceptible specles in

Jarrah forest may alsd explain vorying inteasity of ¥, cinnononl -

induced diseuasce in various earcas,
rathosen~Iree secdlings can be proiuced in CSINC Phytotron
and planted in inoculated soils ln glusshouse and rcaction to

Py cinnanont exazinsd; or secdlin:s can ve grovn in tubcs of

secdling agar end inoculated with I’y cinnamnoni ut espropriate

i

stages of root and hypocotyl cdevelopnent., The lutter tecunicue
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is highly useful for histolo :iecnl studies, It may be preferable
‘to grow theee seoallngs in watcr—culture tubcs and examine proicin

rclease after inoculation with P, _cinnarmomi, as described in

fungicide testing, These techniques are presently being conparcd

Vo)

1ta,

and Eucalxptu. bicostate, K, cclophylla, B, marginate, £, mocul

B, pilularis, E, resinifera, E, sideroxvlon and Pinus radiata huve

been exanined by the scedling agar-tube technique,

Ly, Screenins of Antifunscal Comncunds

One potential hope for developazent of control mecasures

for discases of the P, clnnamoni -E, marcsinata type is that an

efficient systeric or translocatable fungiclde will be develozed
by one or morc of the many chexical manufacturing firms carrying
out research in thiis field, A fungicide of this type, with

suitable activity azainst P, cinnasomi conceivably could be

sprayed onto tree ifoliage, or injected into the tree trunic or
roots, or dusted or sprayed on the soilj; thus many of the prescnt
difficulties preventing the use of fungicides to control the
dicease could be overcoie, Little is known of the staze reuached

-

by comrmercial rescarchers in this field but it is zacsuacd that
Fa

¢eveloprent of efflicient translocataeble fungicides speciiically

for Ihyvtonhthora would take nmany more years of worit,

A field vorthwhile investizating: is the production of
entifungadl compounds by CLIO ae part of taeir routine bioche:ical
research, Large nunbers of ncw compoundcs are produced each yea
cnd arc passed to commcercial firos cuch as Geligy 'or intense

screcning for antifungal activity, The compounds and tihe reoilts

I

are then passed back to COIND for further exanination, 1t is
believed some 2000-3700 of Lhcse compounic are currently in ctlocit
gt CULKO after screening, end agproximately 45 arce xnown to cxaibit

antifungal activity to Phytonhthora cpp. Some of the compounis

are inown also to be translocatable in at least somne plant geanera,
It would scen worthwhile testing these coxpounds ospecifically

cgainct P, cinnamoni in essociation with E, murszinata,

xsdB
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Progress: A technique is being developcd to exazine de
of effectivencse of the test antifungal cozpounds in living
host tissue, Test secdlings are to be grovn under sicrile
conditions in weak solutions of the test compound, Geedlinse

are then transferred to tubes containing liquid cultures of,

P, cinnanond, The extent of P, cinnazoxi invasion and dangie

in host roots will be measured by essaying the total protein
rcleased frow the roots, thus indicating degrecs of protcction
afforded the host by the test comsound, Protein assay will be

carried out using the Technicon Autc-analyeser in the Dezartnent,

5 Collcetion and FTesting of I'veorrnhinal maneci

The role of rycorrilumal fungl on Torcet plants is not
fully understood, but it is suspected that thecoe fungl moy wo ol
value in protecting the host aczulnst attaek LY patho:cenice Tun::i,
mumerous fuangl that occur coomonly in Australian cucalypt Terests
are known to be mycorrhizal, and it 1s probable thut oot or wdld
ruecalyptus 8pp, carry onc or pore nycecorriizel fungi,

It would be intercsting to detcrazin

(a) whnich funzi are normally mycouvraizel on I, morginata in V.

(b) which fungi are noraoally oycorriaiszsl on 77, nurrinata in

ercus other than i,4,;

(e¢) which of theesc funzi, if uny, shos antifunge
against P, cinnamonis

(a) hich fungi, not yet known to be rycorraisal on F, mnrroin
could be induced 1o boeoae nycorriizal, and

(e) which of these lutter fungi chdw antifunzal activity toward
P, cinnagnoni in vitro or in situ,

ungl will be collcectods
(a) Personally by selection of sporulating ctruactures in
forest creas,

-~

(b) Personally vy grovwing of contaminant={rec Ii, mar.inuta

scedlinzs in collected forest colls,

(funzi collecected by (a) and (b) to be maintained in
agar culture or oaintained on living hout roots vihere
neeessary ).



(c) Proa culture collections of oticr forest puthology
workers in Australiac, c.g. COIRO Division of l'oiws
Productis,

(d) Froa culturc collccticns of overscus workers in varisus
countrics and from tic collcctions of the Com.cnwgolth

I‘ycolozical Institute, U.%.

Progress:

ABoletus jranulatus collected from Blue iange forcst area, ,.,C,.%W,

and successfully cultured on malt agar,

The following Tfung:i hove bzen collected frox Tidbinbille forcot

earea cnd plated onto malt agars Cortinarius ochraccug Clel.,
Cort., cinnanomeo-badius Clel,, Cort. cimmaiozeusn (Linn,) Fr,,

Cort. archerii Berii, , Lort, lovendulensis Clel., Cort., larpus ir,.,

i
Gort, albus Clel, or Cort. deeoloruztus i'r,, Collybia butyrinca,

Colliyoia tortipes, 3oletus satunus, Twlopilus fellcus, iAussuls oo,

The antifungal activity of 3, rranulatus Lo P, cinnuuonl is

being exaninegd using the plate culture—-cellophane technicue,

C. Varistion in Patuo.enicity of Phytonhthora cinnamomd

It ic ioportant to understané why P. cimianonl hus beeoze

a a2inant pathogen in V,4a. Jarran forest, Cnec poussible recusm
is that a highly pathogsenic variant of P, cinnamoni has estaviished
itselfl in the area, sentayer hus mentionsd taat therce hzs been

surprisingly iittle variuation in patac_cnicity oi P, cinigoroni

isolates obtainecd froam different piris of tae world, Jausiraiian
isolates huave not been cxumined eritically und this stuéy shoald
be carried out,

P, cinnazoni isolates frozd all purts of fustralia fvroz a

varicty of hosts have been reguested, then thcse isolates have

[#]

been assenbled in Canberra tieir pathogenicity to ucoly-.tus

oarginata and a nuaber of other ucelyntus sppe will be comnared,

/7
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Prozress: Isolates received from Jan Titse, Veie 7e5.60

P, cinnazonm L5036 Banksia crandis nornet
SCG0 Fucalyntus marsinata B, {drup
SC99 llacrozanis reidleld  E, Kirus
5C179 Ferooonia lon~ifolla Rornct
sC181 Barlisin attonusta Sosnells

GC218A  Eucamlyntus calophvlla wirup

civersicnlor Pot trianl

\r’f\
(@
N
N
(82}
&
f..l
Q
=]
‘..J
ch
-
o

solates for cozmpuariscon and for mating~tyning

o

also

P, merasneria var, sojae, P, citricnla, P, cactorun,

P, nicotiunce var, parasitien, P, eryntorea
T GChemntoxia, Siochezistry of Penctration, Nischeniatry
ol roat=Penstr. tLon
Thls particular ficld of wvork contains probably our
greatest gap in academic knowledge of the I, marcineta-d, cinaunond

complex, Yie Inow little of the chexzlistry of P, cinnamoni sorore

geraination under V.4, Torest conditions, and ve lnow little

of the chemistry underlyin; movement of spores to the cocalynt

Q

-
O

host and subseguent penetration and destruction of nost tissu

&

we do not !mnow vhether toxins are produced by the Tunzgus witi
the host, we know little of tue chenical interactions betueen
mycorrhizal fungl and P, cinnasozi or of tie interactions

.~

between rhizosphere orjunisms and P, c¢innamoni.

l:ore knowlcd;e of these fuctors could be valuable in
understanding the dlseasc coaplex wnd in eﬁaluating potenticl
control meapures, 7The refincd cheanlcal and biochemicel technicuzc
reguired in tais type of study cre beyond the scope of most
patholozists, unlcss the pathologlst his had speclalised training
in bicchemiolry c.fes =8 with a mumber of Universlity of Adeclalde
or University of Gydney graduxtes,

This wori is sufiiciently important to Justify consicderution
of anoticr voricr to study spccifically‘thc biocheiliecal acssociations
of the discuase coaplex and their bearing on studics beings curried

out by other worikers on P, cinnanoni,
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T o0 ALK GIVEN BY PROFESSORS G.A. ZENTHEYER AND F.J. NEWHOOK IN THE
TRy, UnGUNDY ROOM, HOTEL ADELPHI, ON FRIDAY EVENING, 3RD MAY, 1968.

In their talks on the die-back caused by Phytophthora Cinnamomi, the
following points were made by Professors Zentmeyer and Newhook:-
* 2 A serious diseas situation exists in Vestern Australia.

* The disease is unusual in its severity as it attacks the under-storey
forest growth - e.g. banksia.

* It is not a native disease, as evidenced by the fact that banksia and
other susceptible under-storey species have flourished in Western
Australia.

* It is a world-wide disease, and a number. af slides were shown

demonstrating its effects on plants ranging from radiata, pineapple
to paw paws and citrus trees.

* A slide on some land in Queensland growing (?) root vegetable gave a
striking illustration of the use of resistant sub-species, but it is
unlikely that such resistance can be engendered in jarrah.

* Phytophthora fungus breeds rapidly in temperatures approximating
70°, but is killed off at low or high temperatures - i.e. less than
40° or more than 90°. This fact has little application in practical
treatment as temperature variations in the soil would, of course, be
relatively slight.

* Professor Zentmeyer's work for the past 20 years has centred mainly on
the prevention of this disease in citrus orchards on the west coast of
America, and some slides were shown demonstrating the effectiveness of
the use of the chemical Dexon. The chemical is expensive - approx-
imately $US6 - $US7 per 1lb., resulting in an annual cost of about 3$US15
for the treatment of an avacado pear tree. Best results are obtained
with a solution of Dexon 100 p.p.m. applied at about four-weekly
intervals.

* The suggested course of action for Western Australia is to take hygiene
measures in the extraction of timber so as to minimize the spread of
the disease, and to consider in the long term the replanting of
affected areas with resistant-type species - either eucalypt or pinus.

* The fungus is known to attack radiata, but mainly where they are
isolated, as in wind-breaks in New Zealand where the foliage growth
comes almost to the ground with a consequent increase in water uptake
due to transpiration; and also under these conditions there is usually
free water available in the ground which is beneficial to the growth
of the fungus.

It is not known for radiata in plantations to be affected, and this is
thousht to be because of the smaller amount of foliage, and secondly,
because up to 1" fall of rain is absorbed by the canopy and pine layer
on the ground before water actually reaches the soil.
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{/%// COMMENTS ON PROFESSOR BJORKMAN'S REPORT

ON JARRAH DIEBACK.

During March, 1966, Professor Erik Bjorkman of
Stockholm, Sweden, in company with ir. Stahl of the Forest
Research Institute, visited Western Australia to examine the
jarrah disease known as "Dieback". The Professor has since
submitted a rcport which incorporatcs recommcndations for
possible control measures and suggcstions for further rescarch.
A copy of his report is attached.

‘ Because Profcssor Bjorkman visited the station
during my New Zealand tour of duty I did not have the oppor-
tunity for discussion with him. Before leaving for New
Zealand, however, I furnished }r. Angus of the Forest Rescarch
Instltute and kr. Batini of the I'orests Department of Western
Australia with rclevant data and li-terature for Professor
Bjorkman's perusal., Ir. Hatch of the Forcsts Department also
accompanied the party during the field tour. These officers
were well qualified to conduct the Profcssor sincc ir. fatch
was rcsponsible for the carly investigations oh Jarrah die-
back to 1952 and has considerable knowlcdge of the soils of
the jarrash forest, while ¥Mr. Batini had recently spent a
period with me to btecome familiar with the problem and our
research. It could not be expected; however, that all the
evidence on which my conclusions arc based would be familiar to
the gcoup since much of it has yet to be reported. ’

Undouttedly duc to the heavy programme of travel
and inspection and to the limited time available, ceértain
phenomena, which bcar on Professor Bjorkman's observations,
appear to havc escaped the attention of the party. These arc
indicatcd below as they rclate to the Professor's comments :-

1. On the Role of Phytophthora cinnamsmi .

Professor Bjcrkman proposcs :-—

1. that P. cinnamcmi's role in this discase
bel
1s seccondary.

2. that P. cinnamomi is rc¢cognizcd as_a uni-
versally distributed organism and Drobably
occurs in boih%dlSCaSLd and healthy Jarrah
forest.

3. that P. cinnamomi is scnsitive to acration
thereforc 1mprovbmunt of soil aeration might
prevent devulopmcnt of zoospores _ and thereby

climinate dlcback.oﬁ_ﬁggus, Convcrsely P.

cinnamomi germinates only during pcrlods o
poor acration following watecrlogging

In so far as my own conclusions are contrary to
thosc of the Professor in each case; and because thcse matters
have an important bcaring on the possibilities for control,
and on thc naturc of future rcscarch at this station, a criti-
cal review of the relative merits of the two hypothcses is
warranted.
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a) On the Sensitivity of P. cinnamomi to Aeration.

The Professor's authority for this conclusion 1is
the 1961 work of Zak (1) on aeration and the Littleleaf disease.
He supports this with the observation that healthy Jjarrah pvlants
were seen growing in a cleared dieback area where he suggests,
ploughing has improved soil aeration.

= Littleleaf is recognized as a disease of eroded
soils of poor internal drainage and low fertility and has been
shown to be associated with P. cinnamomi (2). 2Zak 1961 carried
out a series of greenhouse studies to determine the relative
roles of

1). Poor aeration on pine growth.
2). P. cinnamomi root rot on pine growth.
3). Poor aeration on the virulence of P. cinnamomi.

li). Poor aeration on the susceptibility of pine
roots to P. cinnamomi root rot.

He showed that, in the absence of P. cinnamomi,
lower levels of soil o~ygen caused a significant reduction in
both root growth and the abundance of mycorrhizae of Shortleaf
pine. Further he demonstrated that P. cinnamomi caused greatest
root damage where thering was excessive It was concluded
that both poor aeration and F ,'c1nﬁéﬁBEi caused damage to pine
roots. The increase in root damage by F. cinnamomi in wet soil
was attributed to improve a condition for sporangial production
and zoospore movemert. Soil aeration per se however was found
to have no effect on the activity of the fungus and Zak con-
cluded "the greater Virulence of P. cinnamomi in wet and poorly
drained soils is Hot a function of poor aeration." EIarlier
Curtis and Zentmyer (3) working with Avocado seedlings in
aerated nutrient culture found that injury frcm root attack by
P. cinnamomi under conditions of ample moisture occurred at
levels of oxygen from full aeration down to nearly total lack
of oxygen.

Waterlogging and poor soil aeration are not e€s-—
sential prerequisites to Phytophthora attack as Professor
BJorkman suggests. Root rot by this group of organisms may
occur on light and well drained soils provided there is exces-—
sive water. Braun (4) working with Y. drechsleri root rot of
guayule and Newhook (5) and Southerland, Newhook and Levy (6)
with P. cinnamomi root rot of Pinus radiata found disease on
well drained soils. In the case of guayule, root rot followed
.excessive irrigation; in the case of P. radiata, prolonged
heavy rain. Severe root rot of jarrah seedlings has occurred
in pots of gravelly sands taken from dieback areas. The free
draining pots were watered once daily. P. cinnamomi was iso-
lated from rotted roots and the resulting pure cultures vere
_added to jarrah seedlings growing vigorously on well drained
coarse sand watered once daily. Further root rot occurred.

It was concluded that P. cinnamomi causes extensive jarrah root
rot in freely drained well aerated soils provided that moisture
and temperature conditions are favourable to the fungus.

b). On_the Primary or Secondary Role cf P. cinnamomni.

On the basis of the above evidence, P. cinnamomi
appears to bé& capable of causing primary injury over a wide
range of soil conditions, whercas thc extent to which root rot
affects the plant is dependant on the susceptibility of the
host, site factors may also influence the abl'lty of the damaged
root system to recover. Site factors apnpear to play a particulaw}

141
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jmportant role in the case of the Littleleaf disecase. Even so,
among the Littleleaf researchers, the favoured interpretation
is that Littleleaf is a discase due to primary root damage Dby
P. cinnamomi aggravated ty poor soil aeration and low soil
fertility (1, 2). Professor Bjorkman proposes the reverse,
i.e., that roots arec damaged by adverse site influcnces and
further weakened by P. cinnamomi attack.

8 ) o On_the Observation of Healthy Jsrrah Seedling
' Growth in Ploughed Dieback Areas.

The observation made by the Professor (Page 2,
para. 2 of his report) has been advanced by several local
foresters as evidence that jarrah dieback might be cyclic and
that areas might reforest to jarrah in time. In 1964 a close
examination was therefore made of a number of areas similar to
that described by Professor Bjorkman.

Two sets of conclusions are possible, depending
on how soon after clearing and ploughing a dieback area is
examinedT Shortly after ploughing, and for up to a few years,
new apparently healthy jarrah advance growth seedlings can
usually be found. Thereafter they gradually die out. Their
temporary survival is attributed to the greater resistance of
Jarrah in advance growth stage and to low inoculum levelsa of

‘P, cinnamomi. The reduction in inoculum is considered more

likely due to reduction of living host material by ploughing

than to any effects of ploughing on soil aeration. It is sugges-—
ted that the observed later deaths occur whenever inoculum

builds up, even temporarily, following more favourable condi-
tions for fungal activity. Periodic extreme stress, following

excessively wet or long dry periods, may also contribute to the
mortalities.

The deaths of jarrah planted on thoroughly culti-
vated ground in van Noorts (7) trial at Helio Road and in my
own experiments at Karnet and Huntly indicate that cultivation
of dieback areas is unlikely to arrest the disease.

It is concluded that the experimental work of
Zak and the experience of jarrah growth on planted up old die-
back sites lends support to the hypotheses that pathogenicity

of P, cinnamomi is primary and is not conditioned by aeration.

a). On the Universal or Limited Occurrance of
Phytophthora cinnamomi in Jarrah Forest Soils.

Professor Bjorkman suggests that the fungus,; as
dormant resting bodies, probably occurs throughout healthy
areas. This hypothesis is not casy to refute since the absence
of dormant spores can never be conclusively demonstrated.

Our ovmn work in the spring of 1565 showed constant

7a88001at10n bet@cen the fungus and dieback in some 180 samples

from 31 l1lncalities. In every case an equal number ol samplcs
was taken from adjacent non discased stands. In a number of
instances the unaffected forest samples were taken within half

a chain of the diseased forest samples; often on apparently
identical soil, topographic and drainage situations. On no
occasion was P. cinnamomi detected by lupin baiting soil samples
Irom healthy forest.

At RKarnet each two weelks for one year 15 samplcs
gach have been taken from healthy forcst and from dying forest
one chaln away. &oil moisture and scil temperature records for
the same places are available for the samc period and show no

LT VTR Mty o
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marked differences. Nonethelcss, P, cinnamomi has becn rccovercd

from the diseased fcrest soil on moré than hslf these occa51ons,
but never from the healthy area.

Professor Bjorkman was shown this information and
considered the lupin baiting technique must be’ incapable of
detecting resting bodies.

- In his report Professor Bjorkman refers to the
demonstration of widespread occurrcnce of P. cinnamomi in both
disecased and unaffected forest. This is true of investigations
in New Zealand (5, 8, 9) and of the Littleleaf disease (2),

but does not reflect Zentmyer's (10) cxperience in California
and TLatin America where, despite many attempts, he has never
recovered P. cinnamomi from virgin areas. Similarly the fungus
was found in nurseries but not in forest stands in the Pacific
N.W. of U.S.A. (A1)~

Newhook (5) isolated P.-cinnamomi from under
healthy P. radiata stands using the apple-baiting technique.
Similar experience by Campbell and Copeland (2) in the Little-
leaf arca is reported. In view of the efficacy of this technique
in both situations it might be expected that the use of a similar
technigue, involving the use of living highly susceptible l.ost,
might give similar results. Chee and Newhook (12) made compara-
tive tests of the lupin and the apple technique and obtained

‘generally higher recoveries with the former method.

Since Professor Bjorkman's visit Darling, at this
station, baited for the fungus in healthy forest soil kept
waterlogged in pots for 3 months; baiting every second weck
over the 3 months has failed to yield the fungus. Stimulation
of the dormant spores under such poorly aerated conditions
might ave been expected if the Professor's hypothesis is
correct.

Finally we have recently produced dieback symp-
toms in a previously unaffected stand bouh by transfer of small
quantities of diseased forest soil and by pure cultures.

P. cinnamomi was recovcred from inoculatcd plots but not from
immediately adjacent controls. This is regarded as_evidence
of the ability of P. cinnamomi, unaided Dby poor aeration or

disturbance, to cause dieback and is con31stcnt with the re-

- ported behaviour of the fungus.

Other Queries Raised by Professor Bjorkman.

T4 The ecast-west trand of dieback (see !'r. Batini's
notes Item 6) Rainfall decreases rapidly castward in the
Jarrah forest. This might be expectecd to influence the spread
of a fungus dependant on a swimming spore stage; lower rain-
fall probably accounts in part for the lower incidence of die-
bgck in eastern jarrah areas. On the other hand much eastern
forest has only a recent history of logging and roading; the
low incidence could sher.fore be due to lack of opportunity for
introduction of the :Jungus. In my opinion the trend expresses
the influence of botih factors.

2), The ne-=d for intensive soil temperature and
moisture studies is recognised. It is apparent from thc com-
ment that thc party sas not aware of the full extent of the
instsllations at Karnet. Continuous rccords of tempcrature in
the 0" - 3" s0il level are maintained in each of the healthy,
dying and dead zones at Kernet. All are on similar gravelly
sands and all in a radius of 5 chains. At thesc samc localities



soil temperature between 6" - 9" and 9" - 15" are measured
periodically. Soil moisture determinations and lupin baiting
for Phytophthora are carried out oncc every two weeks on 5
replicates at cach of the three soil depth zoncs on all three
sites. Data from one years observations is now available.
This indicates that soil moisture and temperature conditions
were favourable Tor Phytophthora build up in all zones during
much” of spring and autumn. Winter tempcratures were generally

too low and in summer soils 400 dry for buildup of the fUWIgus-

3) . There has been no investigation by us of a build
" up of antagonistic fungi after treatment with formalin or
thiram; it remains a distinct possibility however, that this
could be part of the therapeutic nature of thiram treatment.
The principal of thiram action according to Kreutzer (13) is
interference in the citric acid cycle in the metabolism of _
sensitive fungi. - '

L). - - The professor's point concerning our lack of
knowledge of resting stages and dormancy is acknowledged.
This is of considerable importance to final resolution of the
gquestion. Work elsewhere (Zentmyer, in preparation) may soon
provide some answers.

(sgd.) F.D. Podger

6/7/66.
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VISIT OF PROFESSOR BJORKMAN.

PROFESSOR _BJORKMAN .

R T R —

a) Expresses doubt that P. cinnamomi is the primary
agent.

b) | Considers probable - in spite of your failure to
indicate presence in "healthy" areas by baiting -
that P. cinnomomi is present throughout the area.

c) If present in healthy arcas may be in relatively
dormant state until and unless there is some dis-—
turbance to the site - e.g. ﬁemporary waterlogging.

(On your own evidence such conditions are favourable
to the fungus and unfavourable to jarrah).

-

d) Wonders if you have tested whethcr Banksia and
Personia are more susceptible to waterlogging than
jarrah, which would make them quicker targets for
P. cinnamomi.,

&) Considers you should makc intensive efforts to try
to obtain P. cinnamomi from "healthy" areas; e.g.,
from roots of healthy Jjarrah or other plants, not
merecly proving prcsence in actively hostile sgtate
by lupin baiting of soils.

f) Appears to consider the water logging an extremely
vital factor (Alan Hatch emphasised that true
watcriogging is not common in jarrah soils, which
are rclatively well-drained. A temporary super-
saturation could occur).

g) 1 Thinks more intensive field studies of the soil

' ! moisture aspect of the disorder should be made if
' an outbreak occurs under any particular sct or
j level of circumstances.

h) Was impressed with your ficld experiments at Karnet
but suggests that thesc could be intensified, par-
ticularly in regard to (g).

Was particularly intrigued as to why the formalin
treated patches of natural regcncration of jarrah
should have retaincd comparative immunity for so

long, when closely adjaccnt to attack scedlings.®

i) Suggestcd trial of such measures as soil cultivation

i.e., a dieback area, on the basis of soil disturbancec,
improved aeration and drainage in the surface layers
interfering with or reversing conditions suitable to

the growth and spread of P. cinnamomni.

N ) after atou
immu ¢ catn > : ST T .
munity. Thc treatment effect broke dpenchos et

months. After 17 months 6 wcekly th&ﬂw% Closs /f
epplied to the original formalin tree .

3 S cmmlete
The formalin trcatment did Ot prp.Ae cfmélL“:\y
5

F.D. fosper, 8/7/68,.



Harvey Working Plans Office,
6th April, 1966,

VISIT OF PROFESSOR BJORKIiAN.

s

The professor raiscd a number of intercsting
points during his field trip on the seventeenth of March, 1966.
These notes have bcen compiled so as to supplement both the
Professor's own report to Doctor Jacobs and the report which
you will receive from Mr. J.R. Angus.

The Professor was very impressed by the extent
of the disease and the effects which it has on the Jarrah
community. He fully appreciated the economic importance of
Jarrah as a timber spccie-and consequently the importance of
the disease:i. He did not consider.:that Phytophthora cinnamomi
plays thée primary role in this discase, and suggested that sil-
viculture and/or soils may.

Phytophthora cinnamomi - Indigenous® or Introduccd?

(1) The fungus is regarded as bcing "universal."

(2) The failure to recover Phytophthora by baiting in
unaffected stands doecs not prove that the fungus
is not present there.

(%) The fungus may be prcscnt in the unaffected forest
but in a resting form. Lupin infection will not be
achieved unless the dormancy is broken and the fungus
given time to build up its inoculum level.

(L) Chlamydospores of Phytophthora can bc produced experi-
mentally in the laboratory. These could be used so as
to arrive at a technique whereby the resting stage can
be broken.

(5) Direct plating of roots of known host plants from un-
affected areas could be tried to see if thesc will
yield Phytophthora.

(6) Could the prescnt west-cast trcnd of dieback be due to
factors such as rainfall or cutting rather than thc
east-ward movement of thec discase?

(7) [ It is very important to establish conclusively whether
© phytophthora is indigenous or introduced. Such a de-
cision will greatly influencc the methods used to con-
i trol both the outbrcak and thc spread of the diseasc.,

Primary or Sccondary Function of Phytophthora cinnamomi?

(1) A degree of predisposition is usually necessary before
a fungal pathogen attacks a plant.

(2) The primary role of Phytophthora in the "little lcaf"
diseasc has not yct been conclusively proven., This
is regarded as a complex discasc involving soils of
impeded profile drainage, shallow dcpth and low
nutrient status in combination with a fungal pathogen.
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It was suggcsted that thc samc conditions may apply
in Western Australia. Among thc factors listed were :-

a) The periodic wetting and drying of the soil

J/§5 and thc subsequent movement of the water ~
f@- table.
b b) The low fertility of the soil.

c) Aluminium toxicity.

d) The loss of fertility in conjunction with a
second rotation.

¢) Changes in the ecosystem as a result of man's
activities; i.e., trade cutting and road
construction.

(L) The point was raised as to whether a soil condition or
silvicultural treatment allowed a large buildup of
/inoculum of Phythophthora to occur. The fungus could
Y then take over and becomc the primary cause of Jarrah
dieback.

(5) The fact that of the 7 eucalypts tcsted, Jarrah was
the lcast tolcrant to excessive soil moisture, inter-—
ested the Professor. He suggested that similar tests

/ should be conductcd on both the susceptible and re-

‘ sistant speccies of the understorey with particular

} ‘ emphasis on B. grandis.

(6) The extension of soil temperature and soil moisture
studies in all zones ranging from "unaffected" through
to "old dead" was suggestcd. The Professor also
suggested that the soil moisture regime in the unaffec-
ted forest may not be adequatc for the buildup of
inoculum unlcss the conditions are changcd as the
result of man's activitics.

(7) Pathological disorders causcd by root rotting organisms
arc often kept in check by soil antagonism caused by

: ‘ such species as Mortiercllas and Trichodermas. The role

i of antagonistic fungi and mycorrhizae in disecase re-—

sistance needs to be more fully investigated.

GENERAL.

(1) It is surprising that the understorey spccics are the
first to be affected. This is contrary to the
Professor's experiences overscas.

(2) Grcat care must be used wvhen intcroreting the results
o in potted and sterilized soils. Uhen testing for

! * disecase resistance in nutrient solutions the role of

i 4 mycorrhizae in discase resistancc must not be forgotten.

] | (3) ©Pot trials under varying soil moisturc regimcs should
be carried out to test the cffect of soil moisture con-
tent on the development of the disease.

(L) Instead of snil stcrilization thc use of pure sand as
a culture mccium v.as stresscd. '




-4

(5) Both pathologists expressed surprise by the difference
in the survival of Jarrah seedlings causcd by thiram
drenching. It was expccted that thec treated plots
would be re-infccted by Phytophthora as a result of
spore wash. Thc persistant differcncces could be due
to antagonistic fungi, which, having re-invaded the
treated plots first, slowed down the re-entry of P.
cinnamomi . *

‘ (6) The study of the disease under field conditions with
[ the minimum amount of soil disturbance was stressed.

(Signed).

(F. Batini, A.D.F.0.)

Harvey .
T olluB6 &
FB:EJP

The cesponse is duc to repeatcd applications
of Thiran at intervals of 6 weeks and not, as the
party appecars to have been advised, the result of
a singlc treatment.

e e s -

F.D. Iodger, 8/7/66.
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ON THE JARRAH (EUCALYPTUS MARGINATA) DIEBACK IN
WESTERN AUSTRALIA — ITS CAUSE AND CONTROL

The dieback of the valuable jarrah (Eucalyptus marginata) in

Western Australia has been observed for many years, and its cause

"has been widely discussed. The most common opinion among pathologists

and foresters seems to be that the fungus Phytophthora cinnamomi is

the real cause of the disease. Podger, Doecpel and Zentmyer (1965)
have demonmstrated that this fungus occurs in the soils where the trees

die. They have also shown that seedlings of jarrah and Banksia grandis

are sensitive to a factor in the soil where Phytophthora occurs. This

factor is able to disperse readily through the soil and is sensitive
to soil sterilization. Many foresters have the obinion that the very
dry summer period in this area is primarily responsible for the die-
back of jarrah, and soil specialists have claimed that typical

water-logging occurring in pockets in the soil might have soﬁething

to do with the disease.

On my visit to the jarrah area in March 1966, it was impossible
to observe where water-logging had occurred last winter. Mr A.B.Hatch
from the W.A. Forests Department, declared, however, that certain
gpots had been exposed to this phenomenon, but direct measurements
of the water content in the soil at different times of the year

had not been made.

Present experiments by lir. Podger showed that different zones

can be separated in the forest. In the most dangerous zone both

Banksia and jarrah seedlings had died back. In another zone only

Banksia had died but not the jarrah. The explanation of this phen-

omenon is supposed to be the more or less intensive attack by

" Phytophthora cinnamomi.

 z;To solve the problem of the dieback of jarrah it seems most
useful to compare this phenomenon with other known diseases of such

a kind. Such diseases are the little-leaf disease of Pinus echinata

in the South of the U.S.A., the dieback of birch in southern Canada

and adjacent parts of the U.3.A., the pole-blight of Pinus monticola

in northern Idaho, the dieback of Pinus resinosa in New York State

"and the Eutypella canker of white ash in the north-eastern part of

the U.S.A.; from Burope similar dieback can be mentioned in Picea

CTTe —sseLldTU. Lol CUMIMLTTER”, commosea Ot Prorannaw T. J. TMdarrand
e e s e e S st o 5 < - R T R e T IR R o o .
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_abies on very shallow soil and in the so-called hybrid aspen

(Populus tremula x tremuloides) in very exposed sites. The most

comparable disease seems to be the little-leaf disease. Also in

this case Phytophthora cinnamomi has been isolated from the soil

where the trees die. Comprehensive investigations by especially
Zak (1961)- on tne life cycle of the fungus have shown that the
formation of zoosporés of the fungus - by which it is spread

in the soil - is dependent on a very moist site and that aer-
ation of the soil can very effectively prevent the development and

spread'bf the fungus.

The above observation by Zak seemed to be confirmed on my
visit to the jarrah areas for there were very similar conditions to
those he describes where trees were healthy or dying respectively.
Plants of Jjarrah and Banksia had died in experimental plots in.a
Jarrah stand, There was, however; also an experimental field where

Jarrah plants and another Fucalyptus species (E. microcoris) were
&

planted and growing healthy in a clear-cut area where all old trees

had died and where the ground had been ripped before the planting.

An analysis of the known facts thus demonstrated seems to
Justify the following view of the problem; which, however, can only
be definitely solved by further research, not at least field
experinents combined with analyses of environmental factors such as
soil moisture and its distribution, soil temperature, air temperature

and transpiration of the trees.

During a drought period - especially in the second dry
summer - the young roots of the trees will be very severely
damaged by this drought. When the rain period begins the zoospores

of the fungus Phytophthora cinnemomi germinate. Thus the fungus

attacks the dead roots or weak living roots. The tree will then be

- still more weakened and eventually die.

The observation that the disease spreads along new forest
roads could be attributed to the creation of favourable conditions

for the development of the fungus such as wet spots. From such

© centers Phytophthora would attack first the more susceptible plants

R

like Banksia, and on these host plants the fungal population would
increase in such @ way that enables it to attack the less susceptiblc

specics like jarrah.,
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is the presence of the fungus in the soil. According To uuv
published data the fungus is supposed to occur only sporadically
in certain spots of the soil., It is recommended that this problem

should be investigated more intensively. In other investigations

- the fungus Phytophthora cinnamomi has been demonstrated to be

very widespread in the soil. Thercfore, it seems likely to be the

environmental conditions in the soil - especially the distribution

of fhe moisture - that can be the most important factor for

the development of the zoospores, which will be able to germinate

only in very wet sites such as can be expected in connection with
. water-logging. Thus, the characteristic occurrence of the disease

in spots can be explained.

zak (1961) has demonstrated that‘the ZOOSporeS'in dry soil are

dofmant and also that aeration of the soil can prevent their
'development and thus eliminate the dieback of the trees. If the
physical structure of the soil, where water-logging is normal in
certain spots, can be changed for example by ploughing, it seems
likely that the environment will become so unfavourable for the
germination of the zoospores that the fungus cannot attack the

. roots. Thus, this interpretation can explain the sound plants of
jarrah on the ploughed clear-cut area, wheré the fungi earlier

had completely killed the trees.

A possible control of the dieback of jarrah could be by

ploughing or scarafying the soil in living stends where water-—

logging usually occurs during the wet season., This treatment may

be relatively expensive but not too costly compared to the timber

: value, and perhaps only a slight treatment would be necessary.

. further research on this point is recommended.
Stockholm, April 7, 1966,

trik Bjodrkman
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