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INTRODUCTION

Zince 1320 the dying of pa%ches of jarrah forest and the sabsequent
extension of many of these pmtches has been reported for almost the entire
latitudinal renge ef the jorrab forest, This disorder is kanown locally as
"lieback". in even more common disordered condition in jerrsh known as
"Crown Ieterioration™ say be sscsociated with dieback, The causes of these
disorders are not known,

3

‘he bolal area affected by dieback has not beer accurately deterw
mined, but it is considered to be small when expressed as a percentage of
the total acreage of jarrah im State Forest. There is however a very real
-possibility thet this disorder could become a serions obstecle to the
ctteinmeat of management objectives. Uiebock is spreading setively in meny
of its occurrences and in the past several years many nmew occurrences have
appeared. A number of thece are in good quality forest not previously re-
gorded as susceplibles Iore or less centinucus areas of up to seversl
thousand acres have developed in parts of the northern jarrsh forest.

At present it ic not possible to prediet hovw faer dieback will
develop or what will be its rate of aspread, nor is sufficient information
aveailatie o permit the confident definition of "no risk" areas., Until &
rigk classification is avsileble es & guide to manapement an element of
rigsk will be present in eny trestment end in the celculation of the yield,

The experience of researeh inte disorders of unknown cause in
forest trees elsevhere suggests that the problem may require long researeh,

This report reviews past work, presents an appraisal of the pro-
blem in the l:aht of our present knowledge and outlines proposals for the
work of thxs station,




AN APPRAISAL OF POSSIBLE CAUSES.

SUMMARY ¢

Jarrsh dieback which was first reported in 1926 is almost
certainly a phenomenon of recent times. While the disorder may have
been present prior to that date no evidence has yet been produced to
show that it was a feature of the undisturbed forest,

The following féatures of dieback and the environment in
which it occurs are important in a consideration of possible causes.

1. The disorder occurs on.a wide range of sites through the
- greater part of the species range., The greatest incidence
and the most extensive occurrences are along the western edge
of the Darling Range in the northern jarrah forest,

2. All tree species as well as understorey species are affected
by the disorder., These include Banksias, Persoonias, Eucal-
ypts, Macrozamia (Cycadaceae) and Xanthorreaea (Monocotyledonae)

3e Jarrah occurs on poor lateritic soils as pure stands or in
admixture with Marri (E. calophylla). Over much of the forest
area massive laterite occurs at the surfece or at shallow
depth in the A horizon. This laterite réstricts vertical root
development; the major part of the jarrah root system is found
in the surface shallow gravels and gravelly sands of low moist-
ure holding capacity. It seems certein that during the almost
rainless summer, jarrah depemds on reserves of soil water held
in the clay B & C horizons below the massive laterite,

" In the course of past research no pathogen or inscet has been
established as the causative agent and in view of the wide diversity of
plants affected it seems unlikely that e single pathogen is responsible.
All alternative causes which have been suggested ascribe dieback to the
effects of envirommental changes.,

The major changes known to have taken place in the foresi im
recent times are - ' o :

1. Cutting operations, ,
2. The complete exclusion of fires from many areas.

e An increase in the incidence of severe firess

_ The effect of repeated fires has been suggested as a causative
factor through the removal of the littér layer, consequent exposure and
& suggested decline in soill fertility., Various workers have shown that
light fires do not have a serious effect on the level of major nutrients,
soil microfauna or jarrah girth increment. It is believed that fire has
alwvays been a factor of the jarrah forest environment., The presence of
dieback on burned as well as protected forest end its absence from many
severely burned areas indicates that it is probably not an impertant
causative factor of dieback. ’

Logging operations are perhaps the most drastic change that
has been wrought on the forest. Hamilton has given a comprehensive list
of changes which follow logging. His main points are :-

1,  Reduction of canopy and protective_vegetation expoées the
site to increased insolation, evaporation and rain wash effects,

2. Réduction of litter results in decrease in orgaﬁic matter and
thence so0il fertiliby. ' ‘



3. A change in soil moisture relationships and reduction of
moistaure holding capmit.y,_ Prought conditions sre greatly intensified,

4, A reduetion in mieroflora and microfaune,

Seil fertility studies have shown little difference between
bealthy and diebaek sites and it ig likely that the most important
chonges are those affecting soil moisture avaj lability and nutrient

aApart from the imown environmental changes 1% sted above, ithere

vettest month for Perth, from June to July, end o slight deeresse in
summer reinfall, These changes would slightly increase the curation ang
iatensity of summer drought, The effeects of changes due to elimatie
drift over a shers iaterval are likely to be less marked than the effects
of a sequence of asdverse years during that intervsl, Such adverse see
guences are known to oeccur, and have been shown to affect forest trees;
the spread of Pole Blight of Pinus monticela hos been related to serieg
of years which were hotter and dryer than everage,

The greastest incidence of 'dieba.ek and the most extensive
oCcurrences are on heavily cut ever areass There seems to be little

It is suggested that dieback may be primarily coused by
climetic conditions which adversely affect the plant soil water relation-
ships of the ¢rops The changes in site vhich Hamilton has outlined, each
directly or indireetly affects soil vater relationships,

The natare of dieback symptoms in individual treecs mey be
Tegarded as an indication that death is directly due to pBysiological
drougi?&. P




PAST RESFARCH IN THE PROBLEM "BIEBACK",

Diebeck was first reported in 1926, bat it gig not ceuse concern
until the laste 1940's, 4 study of the disorder wag initiated in 1948
and o number of aspects vere investigated during the following 3-4 years.,
Since 1951 little work has been done, - ‘

- lines of investigation concerned natritional ang pathogenic aspects, but

There have been & limited number of trials with both conifers and
heréwoods to fing suitable species and tecknigues for restocking affect-
ed areas. Pinus pinaster and Fucalyptus calophylle have shown most
Dromise, : '

There has been no investigation of crown deterioration 235 & SCp-
arate problem, Past work, which Ras beer restricted o dieback, is treate
ed in thig report under the‘follewing headingss.

1) Bescription of the disorder,

2) Investigations of nutritional aspects,
8) Investigations of pathogenic aspects,
4) .Restocking siudies and $rigls,

1. DESCRIPTION op TEE BISORDER.

The results of studies to determine the occurreace end extent of
the disorger end to describe its spread have been reperted by ¥allace
and Hatek™ and alse by Hemilton®, 2 comprehensive ang €etailed deseripie
ion of the Teesdnle oceurrence wag prepared by.ﬁa$i1%on. -

Jceurrerce snd Ixtent of the disorders

In 194S% gistrict officcs of the Forests Lepartment provided plang

on 80 scale of the occarrences vitkin the distriets,, These were to he

revised each six months and deseriptive notes provided for cach cceupe
rence, The nlgns were submitted‘in/early 1950, but were not regularly
reviseds They have not been brought up to date witaia tke last three
Years at least.

Yallace snd Haobteh sumasrised the 1959 position as foliowss

aj The exteni of dying patehes was of Comparatively minor signifiea
cance and amounted to less than 6.2% of the Jarrah forest area.

k) The grectest incidence was in the northern 5
area; but the disorder cecurreg &8 far south ag Rirup,.

e} It generally sceurred on cut-over forest, but several cceur~
rences were reporied in virgin forest,

d} The disorder was confiped 10 certain Yopographiec features,
notebly, heads of gullies ang slizht saddles in ridges. Tt
was most cozmior on biaekx laterite soils,

e) The Spread of the disorder seemed to be limited by the slope
of the land,




The spread of the disorder has been deseribed in broad terms by
¥ollace and Hatch and also by Bomilton. The detailed description of the
Teesdnle arca by Homilton wos intended as the basis for & stady of
changes om this site. Unfortunately this work was not followed up afier
his departure and no detailed description of the spread of the disorder
is aveileble for Teesdzle or sny other occurrence..

- The following sequence in the development of the disorder has been
noted by Wallace and Hatch. : :

a) The first readily noticed desths are in Banksie grondis. These
mey occur up to two years prior to the death of Jerrahb,

b) The gradual death of jarrah follows.

¢) Deaths of Macrozamis reidlii and Xanthoreas preissii accompeny
these changes. .

é) A comsiderable change in the ground flors follows.

e} The disorder appears to have little effect on merri, oceasional
overmoture trees die.

Sinece 1950 a number of exceptions to several of these observations
heve developed. These are discussed in the second part of this report,

Hopping from Aerial ?ﬁatogra@ 3

The first attempt to map dieback from serial photographs was made
in 1959, The Forest Department's forest type mapring from seriel photo-
grephs nov includes a dicbeck clgses although there are o number of diffie
culties in interpretation. In some eases it is difficalt to distinguish
affected arcas from poor quality or fire danaged forest. Xony smsll
areas cennot be recognised on the photographs and the full extent of .
large petches cennot be accurately defined in all cases,.

Photo iﬁterpret»&tioa ané field ckeéking vill be invalusble in sn

examination of the extent and sccurrences Those areas vhich have been

photographed two or more times will be partieularly valuable in & study
of the spread of the disorder.

2. HNUTRITIONAL ASPECTS:

The Zertility of the loterite soils of the Jarrah forest is extreme
1y love This has led to the suggestion that certain faetors such as ,
site changes following logging and burning had reduced soil Pertility to
a criticelly low level om the poorer sites in the Jerrsh forest and that
this was responsible for dieback on those areass

Fertility studies initiated in 1949 were concerned with two main
aspects,

A. The investigation of differences in soil Tertility of dichack
sffected arcas and adjacent greem forest.

B. Trials with Pertiliser amendments in both healthy and unthrifty
forest.

A number of experiments were carried out on esch aspect. These are

‘discussed briefly under A) and Bj,




A) The investigation of differences in soil fertility.

Following detailed soil surveys om each of the Teesdale, Huntly
and Farleys Study areas, samples were token from within soil types for
comparison of certain soil fertility factors of affected and adjacent
' green aresss Samples vere taken from the gravelly A horizon and the
- mottled clay B borizon. It was generally not possiblie to sample the
~ bleached clay C horizon. As the clays of the C horizon are known to con-
E ~tain little reserves of plant nutrients this was not regarded as important,

Analyses of soil reaction, cation exchange capacity, organic matter
and major essential elements were carried out,

- The conclusion of this work as repqited by Wallace and Hatch are :-

a) No outstanding difference appeirs to exist between the soils
of the dying jerrah areas and those of adjacent healthy areas.
b) Many of the ﬁifféréﬁces between the soils of the two areas can
be explained by difference in leaf litter accumulation following
the disorder. ' ' '

¢) The phosphate levels of the two areas appeared to be identical,
of the order 20 — 170 p.p.m. Pges.

Ab the time of their report, Wallace and Hatch considered the die-
back patches studied to be stebiliseds ZFach of these areas has again
become active within the last three or four years and many of the areas
sampled as healthy in 1950 are now disordered., If the areas deemed .to
be healthy, did not have an incipient stege of the disorder the spread
may be regarded as evidence in support of Wallace and Hateh's conclusions
since development of a critical decline in soil fertility is uniikely in
four to five years. -

Leaf Ash Anslyses.

| /.

Fellowing on the soil fertility analyses, work was initiated to de—
termine whetker there were differences in nutrient uptake by trees on
healthy and affected areas. Leaf ash analyses were carried out for the
mejor plant nutrients for both marri and jarrsh leaves. Although the re—
sults varied considerably Wallsce and Hatch found mo evidence for a marked
deficiency of any ofe-of the major plant nutrientse.

| -~

Trace Flements.

There has been no investigation to date of the comparative levels
of minor or trace elements in the soils or plants of affected and healthy
areass ' '

B) ITrisls with Fertilizer Amendments. .

| 1. Phosphatés.

Soon after World War I developments in agriculture led to the

~ farming of the laterite soils of the Ridge Hill series at the foot of the
./ Darling Scarp. Following clover establishment and superphosphate apnli-
. cation to part cleared paddocks there was often s vigorous developmernt
of jarrsh and marri crowns. This attracted the attention of DPr. Stoate
who suggested similar results might be obtained under forest conditions
if soil fertility was inereased by clover establishment and phosphate
pplication. )




A number of comtrelled trials were established in both
healthy and unthrifty forest. The following are the main results of
these trials. o

a) Phosphate appf%cations of up to 20 cwis of superphosphate

-per acre per canum for several years produced no measurable

response in diameter increment or im erown vigour.

bj Leaf osh analyses have shown that there was no osutstanding
upteke of the applied phosphorous.

c) fatehl has shown that practically all of the phesphoreus
: applied a2t the rate of 2 cwt per acre for 7 Fears is retain-
ed in the surface few inches in a fized forme

4) There has been no response to combined phosphate and clover
establiskment experiments though fair growth of clover was
produced.

2e Hixed Fertiliserss

A mixed fertiliser trial with the following annual dressings
vas maintained for 4 years,
Replication 1.

10 cwis of agricultural lime per acre.
4 cwis of superphosphate per aere
1
1

el K2804 _
ewt g 394 ‘
10 1bs Cu Sﬁ4

- 10 1lbs Zn Sﬁé

10 1lbs Boraeic Acid
19 1bs ¥n 394 '

Replication -~ as for replication 1 but with 20 ewis of Lime.
After 4 years there was no response to these applications,

3. Trials with nitrogenous fertilisers have not yielded e response,
Applications of 2 cwt per acre of Blood and Bone and Potato ianure E

wvere used in & 3 x 3 latin square experiment end girths were recorded on
ten codominants on eaech plot. After three years there was ne response to
treatment. There was however a marked improvement in the vigor of the
ground flora,

3. INVESTIGATION OF PATHOGERIC ASPECTIS s

Vork omn pathogenic aspects of the disorder has been limited,
A report of preliminery investigations in 1949-50 has been prepared by
J.H. Harding. The following are the major points made in that report,.

f a) There was no evidence to suggest inseect attack as the cause,

b} ¥hile several fungi have been isolated these were not considere
ed to be responsible for the disorder.

e) Viruas and bacterial infection if present was not transmitted
by inoculation and grafting techmicues,

d) No serious abberration was found in the anatomy of samples
taken from affeeted plants. BRoot, ieaf, twig, branch and bole
samples from one affected sapling were coumpared with similep
aaterial from healthy areas

1 Hateh, A.B.

Typed report F.D.
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In September, 1959 W.Stahl and R, Greaves of the Forestry
_and Timber Bureau visited Western Australia to examine patholegical and
entomological aspects. They have reported separately on their findings.

4. RESTOCKING STUDIES ANE TRIALS

The natural recolonlsatlon of dieback sites by Marri has been
reported by ¥Wallace and Hatch. A recent re-assessment of a regenerat1on
transect on the Teesdale area has shown

a)  Marri regenerates as dense groups within 0-1}% times tree height
of seed trees. These seed trees are veterans of the old erop.

] b) No regemeration was found outwards from the perimeter of these
groups even though the sapl:ngs were up to 25! high and carried
some fruit. .

e¢) The_crewns of the marri saplings are not dense and vigorous.
They are yellowegreen in colour in most instances on this
transect.

d) The saplings have made height growth of up to 2' - 23" per
annum overvten yeerse

Although occasional Marri veterans are found on most sites
affected by dieback they are usually too widely scattered to satisfact-
orlly restock the affected areas in a reasonable ‘time. Sowing and plant-
ing trials have been established to find suitable species and techniques
for quickly restocking dieback areas with a useful tree crop. A number
of Eucalyptus and severl Pinus species have been tried.

A) EUCALYPT PLANTING AND SOWING TRIALS s

a) PLANTING TRIALS - have been made with a number of eucalypts -
none of these have produced very good growth. In most cases potted 1 - 0
nursery stock was planted in cultivated spots usually 18" x 18" and 6"-9"
deep. van Noort has shown that cultivatiom is the most important require-
_ ment in the establishment of 1 -~ 0 jarrah stock on similar sites. He be-
lieves that loosening of the compact sandy gravels is essential for optimal
root development and is at least as importent as the reduction of competit-
ion due to cultivation. It is lzkely that a more extemnsive and thorough
cultivation than that usually given would promete a more rapid development
vith most eucalypts.

The following species have been~tried.

E. calophylla - establishment satisfactory, poor subseqnent growth.

E. marginata - established plants die before becoming dynamxc.

E. crebra - establishment satisfactory, but all plants remain in prostrate
form, 5 years after plant1ng.

E, saligna '

E. microcorys } Height growths of 1' - 2% per year, but all

E. camaldulensis ( species have sparse shallow crowns.

E. sargenti '

E. robuste — Failed to survive first year in the onme trial where it was
. . used. A possibility for wet situationms.
E. occidentalis - very slow growth. :

Jarrah wildings were taken from good quality forest and planted
fat Teesdale, but failed completely. Young jarrah seedlings develop a
arked vertical roet system and it is lxkely that severe root pruning was
sponsxble for this failure.
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Although dieback areas are usually poor sites they shov con-
siderable variation. Very dry sites as well &8 areas whick are water-
logzed through mueh of the winter are common. Marri grows nataurelly
throughout the range of sites and has shown tolerance of thege varied
conditions when planted, :

During 1959 ihe planting of cieback areas was storted im the
Gleneagle Division, Species were selected which were considered suited
to the various sites, Among s number of species not tried before are
E. agccedens, E, astringens and I, moeculata. The development of these
trials is to be followed, : :

b) SO¥ING TRIALS:

Trials have shown that Harri can be Successfully established
by sowing. The best results have been obtained by 3pot sowing partice
ularly on ashbeds., Broadcast sowing was tried but did not give sotigw
factory results, Where sowings have been made with other eucalypt species

on gites without prior seed bed preparation complete failure has resulted,

B} PLANTING TRIALS WITH PINUS

Trials of varying size with several species of Pinug have been
established on laterite soils in the past. Large scale trials were
generally concerned with plantation possibilities of these soils, 4
pumber of smaller trials hovever have been established specifically to
find species which will grov on diebsek sites,

&) Pinus radiata has been planted in plantations on laterites at
dundaring, Gleneage, Harvey and Collie, Unthrifty, ehlorotic, spindle op
dead topped stands have invariably resulted, The same results have
follovwed planting trials with this Species on dieback areas, :

b) Pinus pinaster has been planted on a larger scale on laterites
than any other tree speecies. This species can be established and will
grov on most laterite soils, and does not develop the unthrifty condit-
ions deseribed foy P, radiata, ; :

At Gieneagle 600 acres have been planted anc there growth ig
variables plantings have failed in soils whichk are wet throughout winter
and growth is slow on soils vith massive laterite near the surface, oOn
the deeper soils whieh occur mainly on middle ang lower slopes, growth
hes been good., Height ¥.4.1's for 5.9 Year old stands are of the order
2%‘ - 4 feet,

The results of trisi plantings of Pinus pinester on s range of
dieback sites are encouraging and it seems certain that Pinaster can be
grown satisfactorily teo an age of 25 at least on all but wet ang very
rocky sites,

e) Pinus elliottii - fair results have been obteined with this
species at Gleneagle on better s0ils, but this species bas not been tried

yet on dieback sites.

d) Pinus kalepensis - has grown very slowly and is not healthy.,
It is not likely to be useful on dieback aress.

e) Ps coulteri, P, ponderosay, P, canariensis end P, muriceta

“have all been growa on laterites at Mundaring Yeir, but nome of these
~tan be regarded as & prospect for dieback planting, -




POSSIBIE CAUSE 1IN THE LIGHT oF ?RESEET ENOVLEEGE,

Jarroh dieback is a disorder of wonlnown ang probably complex

. couse. 4 solution of the problems of this disorder muay invelve long ternm
 investigotions in mere then ome fielde The two best Lnomm disorders of
unimown cause in forest drees elsewhere, Pole Diight of Pimms monticols
and Pichack of Birch, have been the subjeects of many years researeh by a
nunber of vorkers in both the U.S.A. and Cenada. Pespite their efforts
the exset ceuse of cach of these disorders remasins oaimowvn. Pole Blight
research has engeped o pumber of wvorkers over a peried of twenty years
and hes prodneed recommendations for white pine menegenent in the Pole
Blight affected region, but Bas not established the csuse of Pole Blight.
Leaphart” hes suggested thet a further tem to fifteen Jears of resesrch
and observation of trends of the disesse may be Becessary to show if
their recommendstions for penagenment are in fact resl. The planning of
research in jorrsh dieback must take the possibility of similar experience

The obvious aims of research ore ge

1. To deternine the counse.

2. To produce at the earlicst a risk classification as en aid to
panagementbs

3. To provide, if possible; o remedy where diehack is inecipient
and preseriptions for preventative practise on risk areas.,

A4 deseription of the scemrremce nnd 2a understanding of the
factors affeeting spresd are necessary before soundly based researeh ean
proceed, TRecent developments in the spread of 4he disorder have resulted
in considorable change in the situstion Prom that described by wallace
end HatehZ, There is o need for basic deseriptive information such s

1. The extent and oceurrence of the diseorder.

2. The seasonal incidence of spreads

3e Variation in the rate of spread between various geegraphicslly
end Sopographically distinet CCCUITences,

4. Relotion of the rate of spreed to climetic variation,

5. The symptoms of disorder in individnal troes inclunding root
mortality.stndies. ’,

The attainment of this information is & prime reqguirement and

will iznvolve the establishment of permeent nlots throush 1bo geographie
renge of the disorders. Following the initial esteblishment of this work,
it will be possible %o commence explorstory investizotions into 4he cause
of diebacke. A4is the scope of iavesticntions will be limited by praetical
considerations it is necessary to sé¢lect for more detailed study any facte
ors which in the 1ight of present Enewledge sre most closely reiated to

. the disorder. The imvestigetion of dichack and soil water relationships

. is recormended., This Tecommendation is based on o consideration of the

f sccarrence; the overall symptoms of ihe Gisorder and some recent obseore
vations of symptoms in individual trees. :

| Zhe Ocecurrence of Diehack.

| The outstonding featvres of dieback occurrence are i4s relative

iy recent appearence, the vide range of conditions in whick it cecurs and

its oceurrence tkroush almost the emtire jarrsh forest regien,

= Dieback has developed in less thar 35 years from virtusil

absence into 2 prominent feature in the jarrab forest., It is certain
that the digsorder; if »resemt ot all, was not 22 importart festure of the
virgie forest, at least within the last twe Bundred yeors; there is no
evidence of treeless barrens or pare marri stands on sites whioh conld be
Pegarded as suited to jerrshe It is pessible that smnll aress Bed
eared in the past but have subsequently restocked with Jarrahe.

-
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, Dieback ocecurs in a variety of situations, covering a wide
range of topography, stand composition, fire ang cutting history., It
is no longer restricted to certain topographic situations er to poor
quality forest as previously reported, although there are many more occur-—
rences in those situations than elsewhere, The eccurrence of dieback in
good quality forest, in dense, formerly vigorous pole stands, on ridge
tops and on steep slopes,seems to be a recent development. At the present
; time, with the possible exception of forest om the fertile young scils
|~ derived from acidic and basic reck, it is not possible to confidently
define any set of conditions which can be regarded as risk-free,

_ . The disorder occurs over almost the entire latitudinal rsnge
of the jarrah forest, It has been recorded over a north to south range
of 165 miles of the total 180 miles of jarrak in State Forest, Although
the majority of occurrences are found along the western side of the
Darling Range, scattered small occurrences are found eastwards for up to
thirty miles in the Dwellingup distriet. From north to south there is an
increase in the number of wet days and a decrease in the average maximum

temperature.,
dJan. Average Average onthly
‘Haximum Temp, Aver?ge No.¥Wet Days. Summer Rain,
' . , = lf-
Dwellingup . 8246 -398—-159- 3" approx.
Menjimmup, 77.8 150 - 170 in

‘ The disorder occurs through a west to east rainfall range from
51" at Dwellingup to about 28" south of Boddington,

There is no record of occurrences in the Pemberton and Shannon
River districts in the main Karri forest region where the climate is
. slightly wetter and milder tham at Manjimup.

Gross Symptoms of the Disorder.

Unlike most other disecases of forest trees, dieback has drastic
effects on the whole of the plant community, Every tree species present
is affected, and 211 but E, calophylla (Marri) eventually die. In the

-case of Marri, veterans are adversely affected and become thin crowvned or
stagheaded, but young marri saplings often produce a vigorous response to
the reduced competition, O0f the other species, trees of every size and
age are affected and die. The following list illustretes the diversity

of plants affected.

Tree strats 3

Jarrah.
Understorey tree species
Banksia grandis )
Persoonia longifolia )} Family Proteaceae
Persoonia elliptica )
Casuarina fraseriana Family Casuarinaceae
. Other understorey :
f Meerozamia reidlii Family Cycadaceae
| Xanthorrea preissii Family Lilliaceae

There is a marked change in the understorey associated with
“dieback’. This may be due in vhole or in part to secendary effects.

_ H&miltonghas described the changes in the vegetation in dige
ordered areas. The main points of his deseription are -
1, The actual death of the jarrah is preceded by mass death of
~the Banksia grandis and Persoonia understorey. :

2. Banksia deaths usuelly commence before the omseb of summer,
bat jarrah deaths occur in late summer ané autumn.

3. Jarrah may become stag-headed and die in several years or the
'@ Crown may die in ome year,
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4. In genergl the crown dies first at the top snd is partly
replaced by epicormics which eventunally die.

S« Ko size or age is iormme.

Forther %o this there seems to be & morked decrease in the
size of leaves formed prior %o decth.

The formation of kino sheets in the crown aad apper part of
the bole close to the coubium were noted by Stahl?, The affected trees
were untirifty poles occuring at the edges of small dieback pateches of
recent ovigin.

POSSIBIE CAUSES.

In the course of past resecarch no parssite has been established
as the cousative sgent and in view of the wide diversity of plants affecte
ed it seems unlikely thot a single pathogen is responsible. Various :
theories have been advanced aseribing dicback to ome or another environ-

~mentnl chenge. The forest environment emd the changes which Bave token
‘place are novw eensiﬁemd. =e

Environmén&a! Change,
The Jerrah Forest Environment.

~Jarrah occurs neturslly as pure stends or in essocistion with
Harri on a wide ronge of sites. Some of these sre marginal - and jarreh
hes probebly spread to mony sites to which it is not well suited,

The majority of jorrsh forest soils are of low fertility and
of poor physical properties. Although the soils sre generally deep, an
impeding layer of more or less continuous cemented loterite gravel is
generally founde The lower surface of this impeding layer marks the bounde
ary between the gravelly sands of the 4 horizon and the mottled clays of
the B borizon. Un meay sites massive laterite cccurs at shallow depth or

at the surface. The sendy gravels of the & horizen therefore usually have

a very limited water storege capscity. The root systems of Banksias,
Jerroh and maryri bave been shoun %o Bave two distined parés, shallow
spreading laterals and a deep vertical aystemﬁ.

The summer enviromment of the jerrah forest is hot and dry. Of
the total omnual rainfall, ebout 5% only is received in the four months
Tecember to Harch ond this is the period of sctive erom extenaion,
Except for intermittent and nmreliasble rain received in these months, the
entire summer woter requirement of the forest must be drawn from reserves
built up during the winter months ond retained in the subsoil clays of
the B end C horizons. It seems cortein that the development and survival
of these trees depends largely om their sbility to establish and maintain
& healthy root systen in these horizons. Any chonges which seriously dew
plete the moisture reserves in this zome or redmee ability of the trees
to draw oz them, must hove serious effects on tree Bealth.

Changes in the Environment,

The major changes which are known to have taken place in the
Jarrah forest are -

i. Han'’s sawmilling operations.
2. The complete ezclusion of fire from many areas.
3. An incresse in the incidence of severe fires.
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The occurrence of dieback im 1926 and its appearsnce in locations
remote from settlement, lend 1little support to the possibility of toxie
effects of industricl weste gases. OF the effects due to man, culting
and fire are the most important, and cach of these has been suggested
separately or jointly as the couse of dicback. '

Fire.
AR

That fire clone is a comse is wost ualikely, since dieback has
not developed on meny sites vhich have been severely fire demeged. Further,
dieback has occurred on sites which have rover been badly burnt and have
not had fire of any intensity for periods up to tventy five years. Gardner®
bas deseribed the vegetation of Western justrslia as pyrophilous and liste
ed fire resistent adaptations for o number of native plants.

Additional evidence thet fire hees been o natursl factor of the
jerrak forest environment for ot leagt the last three hundred years, has
been presented by Harris aad Walloce'. Light fires of the order vhick
Herris and ¥allace consider were typical of the notural occurrence have
been shown to have no important effects on either the level of mojor
matrients in the s0i1%, s0il microfeuna® or jarroh girth incrementld,

Cottino,

Although a number of ccourrences of dieback are Inown iz virgin
bush, the grest mojority of patches end all of the more extensive cecure
rences are to be found on cutover forest.

TamiltonS hes described those chenges which ke considers follow
heavy cutting =2nd fire; and atétribates diebaek o these ckaongese

Recently dieback has appeared in situations whieh eappot be EX
pleined by the effects of logging alome,  Piecback patehes Bave nppeared
in dense snd Pormerly wigorous pole regrowth stands vhieh were cut over
up to forty five years ago. These are in forest of high site qmality
near Dwellingnp. Other small occurrences sre now Known for mized regrowth
and veteran stends of high guality whith were very lightly cutover. These
facts plus the presence of dieback in virgic forest and the Gevelopnent
of & similar disorder in both virgin =ad cutover vandoo forest indicate
that some widespread chaonge may be involved.

Climatie Change.

It is suggested thot diebsck is due %o physiologieal drought ine

duced by the effects of adverse sessonal conditioms cnd that these effects
are greatly magnified, but not dependent on site chenges folloving cutting
operationsg,

Leaphart! considers that the development of Pole Blight im
Pinus monticole is related %o a §erioﬁ of dryer than ususl seasons frem
1517 to 1949. Hclinn ond Molnaril have studied the effect of climate
on Pole Blight affected White Pine, and have resched the comelusion that
even occasional Bot dry summers in the cool part of = climatic cycle could
deley the recovery or promote further declime in trees ad o low state
of vigour. They report that in these ecircumsiances vigourous irees &
little offected because reserves carry them through to the fellowing growe
ing season.

Adverse secsons are kmown im the jarrch forest. In the five monmths
December - April of 1949-59, only Porty nine points of rain fell at .
Pwellingup, & centre which has an average of 545 poinmts for this neried.
Even vhen total cmmuel roinfall igs equal to aversge the distridbution can
be wnfavourcble for tree yrowth, The winter of 1355 for imstance, was
Eypified by 2 very uneven disirvibution of raiafail,

snpel inpil sey Jume Jaly tugumes “entembep
/

age wonthliy (e85 e 324 G344 20,70 10,40
S 131 1220 Y.18 4,17 18,75 - T.oH 113
-




v by necessarily eritical, but
if the offeet of these influences is superimposed on - uid ¥

meafawiesar&dmrsem 20il moisture .
~reduced to a eritically low lowel for considerabile

» BF 5. O shown to be depondent on ground
snyplies which had aeerued over many - » , %

The reduction of canopy by logring and the reduetion of ground
cover {which is usually temporary) by demage dur
»ill result in s | |

Increased evamm&ﬁm losses at the surface, but decreased trang. .
piration draw. The increased evaporation losses mey be an import-

3» . Bun-off and lateral drainage during keavy shovers will be inereage
ed and this will lead to o deerease in 80il water recharpe at high
points and inerenged vaterlogging lower in the drainage systen,

In soils with impeding layers &t shallow depth, this will be an

important factor, i

Both water shortage end water-logging produce intermal water

deficits and vhen prolonged, death will resniti4,

4. Following logging there isy on meny sites, a v
of veed species, Miml&rly,@anksgia grandi

: - Of botal ra Arom summer showers the Jarrah
€rop will receive g redueeﬁpmmtimas the weed er :

The tmnspim%mi draw by wveeds will

losses due to interception, The tree aspecies may therefore be
forced to draw sebstantially on the B and C horizon soil water re-
serves at a relatively early stege in the sSusmmey,, ' ’

These changes following loggzing, are not

__ periods. In the U.S.A.
 eitrns and alfalfas have beer grown on sites of merginal rainfall for
1 seasong, This growthk has been
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The deterioration of the erown tsualiy proceeds from the topoost
bronches back, until a stagheaded erown of epicormics only is left,

2e The leaves formed on unthrifiy crowns appear $o be mnch smeller than
those on heclthy trees omd have o 4dry sppearzmee. The reduction in
size snd density appears most marked towvard the top of the crown,

3w - The presence of Line sheets uader but close to the cembium in many
mihrifty poles. As was reported by Stabl and Greaves, these kino
sheets are found chiefly in the lower erown and upper part of the
bole. There was ne evidence of fire or insect damege, Bayld re.
ported the presence of similar gum vein Pormation in E. camaldule
ensis ok Cyprus, cad advences cvidence from the enatomy for a BypoO-
thesis of drought ceuse.

r 4. The splitting of marvi bark on twigs, braanckes and bole and the ex-
" udntion of kino from these splits. Greavex found a szoll wasp and

larvee in such gplits inm twigs but wes of the opinion thet this wes
E secondary. Dayl® deseribes e similar bark splitting in E. goopho
5 - cephala on Cyprus and atfributes it to drought,

- B Although marri is severely affected io most cases om diebaek sites,
end also in ereas of jarrah erown deterioration, it rarely dies.
Jorreh sloost invsriably dies. This difference may be due to marrits
ability® to reduce transpirstion during hot conditions, whilst jarrah
continues to tremspire vigorously. ,

CONCIDS ISR,

From the foregoing arguments it is suggested that chenges in microe
climate following on logging end burning, may not be the mejor factor.
Stedies of the planbeseil wvater relationships sre recommended as likely
to be of major importence im em understanding of the disorder. Detailed
proposels for work in the immediate future, which are based on this cone
c¢lusion Zave been outlined in the next part of this reporis : ,




PROPOSED _PROGRAMME OF RESEARCH,

A deseription of the occurremce and of the symptome of dieback
is a basic requirement for each of the research aims previously out-
lined, This vwork will require priority in the programme as the sound
planning of further research will be largely dependant on its results.

There are large gaps in our knovledge of the plant and environ~
ment relationships in the jarrsh forest, but there is evidence which
suggests thet an understanding of the problem requires further investie
gation of plant an¢ soil water relatiomships.

No method of ensuring the satxsfactory restocking of affected
sites has yet been devised. Since there is no evidence of & decline
or cessation of dieback spread, solution of the problem could become =
incressingly urgent. MNethods are needed for extending the matursl
recolonisation by marri and increasing its rate of development.

The investigation of each of these problems reguires considerable
work, but until further staff and resources are assigned to dieback
and crown deterioration research, work must be limited to a few aspects.
For this reason the proposals set out below do not provide for direct
research on crown deterioration, Wwhile it will be possible to commence
exploratory investigations of growth and water relations, the major
work for the next several years will be to produce a comprechensive and
- detailed description of dieback, ¥ork on restocking will be restricted
almost entirely to the maintenance of existing trials,

Before going on to discuss the individual proposals in detail,
consideration should be given to the following summsry in order that
each proposal can be zeen in its proper perspective, In this summary,
aspects other then those proposed for immediate study, sre briefly dis-
cussed. These will require attention at an- early date snd are essential
to the formmlation of an hypothesis of csuse, but cenrot be attended to

at present,

SUMMARY OF ASPECTE REGUIRING INVESTIGATION,

1. Description of the disorder dieback of Jarrab,
1.1. Occurrence and extent - work is proposed, see detailed »roposals,
1.2, Symptoms and progress of the disorder - work is proposed,

88e detailed nroposals, '

2. The cause of diechack.

2.1, Pathological studies ~ preliminmary work suggests that a
pathogen is not likely to be responsible., However, the
possibility of & virds csuse has not been eliminated -
no work i= propozed,

2,2¢ Frvironmental change.

2.2.3. Correlsation studles of dieback spread and emvironmental

changes-

2.2.1,1, Dieback oeccurrence and spread with fire history and
cutting intensity - ne work is proposed immediately, but
a study could be planned within the area mapped in proposal
1.1.2, see asppendix,

2,2.1.2, Dieback spread with veristion in climstic fectors.

2,2¢1e2¢1s Termanent plots to be esteblished under proposal
1.2, will provide basze information for such & study - no work

proposed st present.
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2e2e14201. Stem snalyses and metetrological records, If the
effects of cutting and adverse Seasons are the couse we may
expect to find this reflected in poor growth on trees vhich
have survived. Jarrsh is diffuse porous bui it may be

- possible by suitable tecimique to examine cross seectisns
for correlation with climatie indices {net water balance?
ete.) caleulated from meteorolegical records, Ho work ig

proposed at present,

22242¢ Studies of the relationships of srowth and the spread of
dieback with variations in available soil moisture, It
will be mecessary to establish considerable basic information
concerning the water use of certain of the plents in the
Jarrah forest if their differences in behaviour in dieback
are to be understood. 4 sound bypothesis mst offer an
explanation for these differences,

Z¢2e241s Root studies - both root habit end root mortality
studies are required, York will be limited for the present
to excavations in associstion with the leader test of Pro-
posal 2.2.2.2.1, Later it will he possible io exteng this
¥ork probably in association with the plots of proposal '
l¢102a10

24242424 TWater relations snd grovth, A comprehensive study
will be designed following initinl results from 1.1.2, snd
the results of an exploratory study to provide soms basie
information on water use and growthe Initislly the marches
of tramspiretion, groeth and 80il moisture will be investiw
gated - oz outlined in Proposel 2,2,2,241, below, ’

Risk Classification - mo work will be possible for a number of years
sinee the direction of work will be determined largely by the ree
sults of preliminury work as above,

4. Restocking of affected sites,
421s - Notural recolonisation by marri,
4.1,}. Seed production studies - no ¥Ork,

4el.2, Seedling survival end development maintein Teesdale
Transect.

44143+ Subseguent development « the very poor condition of
sature marri ond some pole and pile size treecs sugrests
that later disorders B8y appear in regrowth stands in the
fature. No work is proposed on this ilinme,

4.2 Artificial restocking,
4+241s Sowing and planting with marri - required where marri

recolonisation is absent or inadequate. No work proposed
at present, ~

44242, Sther species - 7. pinaster haz been estadlisghed 285 S0t
able on some sites, but aseful, tolerant fire resistant
species are preferable if suitable species end techmiques
can be determined, -
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mnzm PROPOSALS.

1. DESCRIPTION OF THE DISORDER.

1.1,1+ Occurrence and Extent for the vhole of the forest ares,
Shjeet. To provide an eatimste of thecextent and infor-
mation conceyuing the geographiec and situation range of
the disorder - 'S A ) )
Hethod., Foresis Depariment district offices are to maine
tain plans of dicback ocsurrence within their areas of
control, These plans are to be scbmitted at regular intere.
vals %o Dwelliagup, together with deseripiive information
for the individual ecenrrences mapped, 4 form Nas been .
designed for field description which will ensure standarde
“iged deseription and allow eollation of the information om
- punched cards, : ' : :

1. 1;2; Occurrence and extent on a lﬁfge representative area.

Mepping from serisl photogrsphs of 130 square miles of
Bwellingap aves by Division of Forest Managemsnt Hesearch.

1,2+1» Symptems, Development and Spreads o .
Sbjeet., To provide s detsiled description of the dfisorder
over the range of its occurrence and covering the nejor

. situation variation, o '
Heothods Strip line permsnent samplé plots will be eatab.
lished in esmall recent ocourrences, 1€ larte actively
sprecding oecurrences are avpided, it should be possible
“to follow the progress of the plots for five or more years.
About thirty plota 108 chain x § chain will be required,
On these plots all trees will be enumersted and classified
iato erows heelih classess In sddition the folloving obe
servaotions will Be mede w -
1. Dendrometer records of radisl growth st breast height
for o small vumber of selected troes om each piot..
24 Setsiled deacription of crowns for these trees selected
for measurewment of rsdial increment,
S» Description of chunpes in ground flora on a number of
quadrats on each plot, o
Sinee diehock affects mot only jorrsh, but the plant .
commmity as 2 whele it iz important that ific changes that
occer in ¢ach of the layers of the stand are Luown, -

The plots vill be inapected at siz moath intervals in most
cases but guarierly in the case of those near Dwellingup,

-

THE CAUSE 0F THE DISORDER,

. 2

242¢2.2,1. The relation of tree health and growth to available soil
) : W@;E?q

Fraser (16) has carried ocat s study of the relations of growth,
tree health and soil solsture varistions for a hardwood
- stend in Ontario., Vork om similar limes for jarrsh is re-
guired, bul there are several ‘fostures of the plant, soil,
¢limate complex vhich éiffer markedly from the Cancdian cone
ditions. These sre the presecnce of a wmarked summer drought, the
.. xerophytic nature of the jarrah forest and the presence in '
_most Sarrah fovest soils of an impeding layer within or at
the surface of the soil profile.




Certain basid information concerning plant weter use and the
determination of n suitable technigue for soil mofsture BOASUrS-
ment is required. The following leader test ig proposed,

9bject. .

a4« %o investigato the mensonal warches of transniration, growth
and moisture content of the upner A herizon in a Jarvsh meyppi
pole stand, ' ’

k. 0 determine the switability of the electrical resistance
{gypoun Bloek) meihod for the mezsuremens of s0il moistare
conterd of the B and ¢ Borizons,

Mothod. A fifiy Poot tower will be erected in = group of young
Jorrah and oarri peless From this it will be possible to measure
woter loss ia tramspiration by she guic: wveighing method of Huber
{as described by Srieve {5))

“Growth will be measured as radial increment ot 43 by dial guage
dendrometer and as crown extension on seloected erown wnids,

The soil moisturs measurement of B snd ¢ horizona by the pleecing

0of gypsum blocks in drilled access holes will be investigateds

Thig will be carried out within the group se that the date de
rived will be applicable b0 the abudy if the method is satisfactory.
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Plate ln

Banksiondale Compartment 6. “hallow spresding root system
of jarredh wvetoran groving on shallow soil of o laterite
ridge top. Note the large roots above the surfece close
by the crosses., This is typical of mony trees

on the roeky shallow Al horisons ecmson oa aany ridge

Plate 2,

i vindblown pile en the some ridgee This tree had develojw ‘
' ed in lese than 18" of sandy grovel over massive laterite, ‘

Plate 3,

The root aystem of the pilo of plate 2, Note the complote |
romifiention of the spil,

i










Plate 4.

Banksiadale Comportment 6, Stagheaded condition in o
Jorrah tree in the area of plate 8. The erown is ale
most entirely composed of secondary eplecormic growbh.
This is typical of the nature of veteran and tree

- _erowns in many places. Vhere this condition is not

Plate B,

Plate "

ngsoclated with dieback it would be deseribed as
"erown deterioration” by Veatern Australian foresters,

4 ‘disordered pole in the dieback ocourrence shown in
plate 6, Yere much of the epicoraic grovth ns well as
the primery ecrown has died,

1

A diebnek occurrence of recent origin in o mized pole
and veteran stand, This occurrence is on o ridge

at 1,100 feet elevation - a high point in this locality,
The poles have died im the last 2 « 8 years. The dense
eromed saplings ore merri and the serubby fostiginte
tree in the bachkground is Casuarina fraseriame. Dead
Bonkein grendis con be seen to the left of the figure,
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Plate 'Q '

Plate ﬂo

?lil‘. | 1

Tecadale Dlock,

A small recent occurrence im part of a area of several
hundred acres throughout which smell groups or individe
uals hove died., Thie type of situation is wmoat commen
on low ridges vhere extensive older occourrences are
found in the gullien and gully heade. See plate ©
vhich ie within 200 yords. The oceurrence shown here
would be too smell to be mapped as & seperate unit by
air phote interpretation.

Marrinup Compartment 12,

Part of an extensive occurrence. Here in a lov lying

area there is a considerable stecking of marri veterans,
None of the jarrah is nov alive and the merri is uahesnlthy,

Teesdale Dlock,

A completely dead area in what has becn good quality
forest, Note that meny of the Xanthorea priisii speecie
mens are snlive even though this occurrence is more than
ten years old,






Plate 10,

Plate 11,

Pl&‘. 12,

Tecadnle study area, ‘
Dimordered marri vetersm., Almoat the entire crown
is epicormic and much of this growth hes already
dieds This condition is common in such of the marri
around "wellingup this year,

1

fark splitting in o merri jole, The top of this
crown is extremely usheclthy snd ecarries only a few
senile yellowed lenves,

A dense group of young marri saplings on the Teesdale
atudy aress These have arisen from a veteran seed
tree vhich grew in the centre of this group, but has
now fa}len,






e g




v, s
<

) \? v
‘ \ 0-71; Ls ’ A YOR-K
PERTH '(( Q‘Mumaﬁ;b WEIR
COL/./EA?

FREMANTLESQ & B . ' |
SOMERNLLE 4 °, yBEVERLEY

) ARMADALE
\ \
(‘g % MT DaLe®
f}f 2CLENEACLE
OJARRAHDALE o

Y.

s BERAKING

" ] @
e nT
£ -4
|/&égARRA & .
~— DWE LUINGUP
Wonrs ) DwARD
< A O S DRYANDRA
i = _ ° ‘
, » .
\i NARROCIN B
Mc LARTY ® N i -
' - s . WiLLiamsg P
HARVEYD—a#ARVEY WEIR ‘
MrALur s - | | A
, : A% 3 © o
BunBurRYy g2 A 7 N~COLLIE _gowEL” i ] WACIN
N ~——oBowgiLLiNG
o N
8(/ J\)“/ ) m . = ¢
S s nDONN Y BROOK o
£ c
<}O A COOLILUP
, > CGRIMWADE KATANNING
J.C. W/L‘,_COC/( AKIRUP (E‘ml?w)

MET/Q/C!UP

- = s s -
Bovur Broox

/,-Ji’:{j_\ 2 /

~ : -\/
Mt aagr . CRANBROOK

Q
S
v
2 E

R T
J ‘ %

‘ i ey “PARDELUP o L

DNORTHCLIFFE ' (\_) » MT BARn

( 1

PEMBERTON ¢

" ' NORNALUP <
i
sl o
Obtey Ciewrences \[—\/
Y  _agead Diemack
padoo . i

7; 1/;/4)5 f/aféﬁ i OO Eiee, bt éjb‘#’?gfﬂ(
(Aot Compore por procise ) L




ST e e e Y/ S TS e A N e Y . R
S R4,
Q'<> \‘)
o _
\ o L YOR K

- ?1; o i
PerTH 7L, P T
/.‘ COLLIER ey ks
=L lj ‘

FREMANTLES® s : , :
JOMER W ; #
€8 % nBEVERLEY

QARMADALE
4 MT DaLe®s
7

\
b 7
[f‘ %CLEIZEA CLF
OJAR%?HDALL-:.
%

\ R
N 5

s BERAKING

ﬁ““\\ i
éb \'___f‘/*-. o @
AP INJARRA . >
{;{'} e
S DWELLINGUP
,, DwARDA 2 S DRYANDRA
@i \= 5
Hapel = \Z ,
& \ S NARROCIN }
Mc LARTY © -
\ S N ~—_ WiLLiamsg =
HARVEYD—a#ARVEY WEik |
MYALup e ' | ' A [
f : : .44 .
BunBuryY g2 A P N~ COLLIE .80WE "~ e 1 VACIN
; sBoweiLing”
M (
nDONN Y BROOK : ]
CooL/iLvP,P
n CGRIMWADE KATANNING B
J.C W/L‘LCOC/( hKIRUP (E‘A.WW)
\ meTRICUP e
D N, -
Bovup Brook
/'/
A BrRIDCT TOowWn (
. { \.___\-\-y_‘m\
P MANJIMUP 1 iy 0

CRANBRQOK g
MR‘?(‘“A«

/

- /’f— :
/ . ] \P'A/\’DEL_UP:: {Mr 8

DNORTHCLIFFE

Hajor Lbielopement

@ 0&’ gw CncR s

J 4 Eféﬂ H Dz‘g BAcK.

—— Yy i



\ o PINJAR g/ ‘
: ¢ )
C)':y \qv ‘,
PR |
v,

NORTHAM
4'?41:

I
To »
s &

PERTH MU/V.DA/?M'C WEIR
COLLIER
£ el

FREMANTLEQ So0srdhis, £

A Yor k

BEVERLEY
GARMADALE

s BERAKING

- _

b ,// MT DaLé%

é/ éCLcNEAch

OJARﬂAHDALE.

¥ Fexh
\\.../'/“* 3 ®
o
Y, Pi%ARRA . _
DWELLch,UP
G o) - 8
HAMEL 2 5 o '
Q } = - A
| S NARROGIN }
Mc LARTY © . NG T >
4 S ~ WiLLiams ? <

\ .~ v

J S~ | P
HARVEYD—a #ARVEY WEIR _ y

MrALuP o : .
; / L —
BUNBURY ’;' - . : &V/AC”J

i
' nDONNYRROOK : )
FCooLriLvP

R/ 1 OF ATANNI 3
( J.CW/?LCOC/{U K'Rupn?;c:‘??e‘:/ﬁ)ot K N NG
\ @
\ .Amfrﬁ/HJp )
é Bovue Brook
\

A BRIDCT TOWN (

Y . S ///
O MANJIMUP f .
L\ U CRANBROOK g
N M"?‘?F,y é)
>
i o /
PEMBERTON § S ///
¢ \y
J
S 7, PARDELUP o
ADNORTHCLIFFE ' Q¥ﬁ ¢ M1 B

/
[
i
/

Haror Dbveloement

NORNALUP
. 0 fi‘ﬁf ﬁmrgncé_ P



