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This report considers a number of hypotheses advanced by
ecarlier workers as explanations of the cause of jarrah dieback. These
hypotheses were all erected on the basis of distwrbange of the naturai
balance and in temms of the syndrome definition of Wallace and Hatoh.
Some of the investigation in thia and two weports to follow, was carried
out by the writer between 1959 and 1964, These earlier hypotheses and
investigations have no where else been reported in a singlé documente
They ave documented hexe for fubure reference even though not one of the
hypotheses advanced can satisfactorily account for the entire jarrah die=-
back syndrome as it is now known. Currvently, explanation of the disease
gyndrome is made in terms of introduction to the jarrah forest of a
primary pathogen, Phytophthora cinnamomi, Investigations of this last
hypothesis are continuing and will be reported separately at a later
date in the fourth progress report.

; In this report, and the two to follow, hypotheses of jarrah
dieback oaﬁse which are related to disturbance of the balance among
intrinsic factors ofrthe environment, are congidered., The possibilities
of mitrient decline and excess concentration of ions, is considered in
the first report; in the second repoxrt Wht, and in the thirxd
waterlogging ave inveatigated.




Thexe is a wide range of possible causes of disease in native
forests. Of the many poseibilities those based on disturbance of the
balance among existing factors in the ecosystem seem“{fzo give bettex
account of the disease syndrome, as it was known in 1959, than did
hypotheses based on the introduction of new factors, either living or
abiotic, This view was consistent with the emphasis which Hamilton
(1951) and Wallace and Hateh (1953) placed on the very strong associa~
tion of the disease with logged stands on marginel sites, and the
apparent staebilisation of many dleback aveas.

Though serious disease o forest trees may be caused by
exotic pathogens and by toxic wastes from industrial plants, considera-
tion of these factors suggested that they were unlikely %o be the cause
of jarrah dieback.

The pathogenic importance of air pollution has been reviewed
by Boyoe (1948), by Seuxfield (1960) and by Hepting (1964)s Deleterious
offeots of industrial wastes are usually associated with proximity to
large industrial plants, particularly those releasing heavy concentra-
tions of sulphurd dioxide (Boyce 1948). The quantity and composition
of industrial weste gases from Perth would seem hardly sufficient to
cause extensive and serious damage. Further, thewe is little sign of
dieback in Jarrah atanda_ close to the mejor industrial complex of
Cockburn Sound, By contrast, extensive dieback occurs in stands more
than 50 miles distant from any significant heavy industry; a distance
considerably in oxcess of the typical ranges given by Scurfield (1960).
Even if tha;e limits were exceeded it is diffioult to envisage a
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pattern of deposition of such toxins which was consistent with the
pattem of dieback ocourrence, partioularly the presence of healthy
trees within a few feet of diseased trees, and the existence of sharp
boundaries between healthy and diseased forest which ocour in many
dieback situations.

It was decided therefore, to examine those hypotheses which
were based on disturbance of the natural balance and were consistent
with & dlsease which 1~ |

1, Affected the survival of a wide range, but not all, the

floxra.

2, WVas clogely associated with -

(a) logging operations

(b) forest of marginal quality

(e) shallow infertile soils

(4) specific topographic situations.

Digturbance of natural balance is a factor influencing
disecase in natural communities of woody perennials, It may influence
the health of plant communities dirvectly by altering the values of‘
physical factors of the envivomnment, ox indireotly by affecting the
activity of biologleal agents - both thosé that may be beneficial
and those which ave pathogenic., The role of pathogenic organismsin
this disease had been discussed by Harding (1949) and by Stahl and
Greaves (1959). They found no consistent evidence of a known
pathogenic organism, There ave few, if any, reports in the literature

o 1960 of microscopic pathogens which destroyed a wide range of species
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in a single plant community. It was considered at that stage therefore,
that if pathogenic organisms were involved they were probably secondaxy.

In 1960 attention was thexefore divected to hypotheses which
accounted for the digease syndrome (as desoribed by Wallace and Hateh)
in terms of change in the physical environment. Where such changes
vepresent a deterioration of the local environment in respect of the
voquirements for growth and survival of the plant commuity, the effects
ave embraced by the broad concept of site deterioration.

Site Detexioration. '

Earlier workers had proposed that jarrah dieback might be
explained by the deleterious effects of trade cutting and five in
oritically altering the values of site factors in locations already
marginal for the growth of jarveh, Hemilton (1951) proposed a very
broad and complex hypothesis involving inoveased erosion, leaching
and insolation in the surface soil leading to inereased evaporation
and deoreased capacity for storage of mtrients and water. Loneragen
(1962) considered that outting inoreased the amplitude of variation
between summer dessication and excess soil moisture in the winter, with
adverse effects on the root systems of susceptible species, Wallace
and Hatoh (1953) veported detailed examination of soil mutrient levels
and soil physical factors bubt found no marked evidence of soil degrada-
tion. Waring (1950) emphasised poor aeration and possible mobilisation
and acoumilation of toxic ions in water-gaining situations.

These changes could affect »oot growth, and thus plant health,
through their effects on soil temperature, availability of soil moisture,
and physical and microbiologlcal factors influencing mubrient oycles.
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The importance to the plant commmnity of disturbance in the level of
factors which affect plant growth will depend upon the degree of dis- '
turbance in rvelation to the factor compensation ox "puffering" capaclity
of the whole site and upon the tolerance of the plants involved,

Site deterioration thus is necessarily a complex phenomenon.
No single factor in a natural system may be adjusted without effects
on other interdependent factors, A single factor, however, may play
a dominant role in plant health whexe that factor approaches the
oxtreme value tolerated by the plant (Daubemmire 1959). This situation
is most likely to arise on sites with near limiting values in several
factors since such sites have poor buffering capacitys In any one
plant commnity the particular combinations of factors and theiw
velative values vary in both time and space. In some pltuations
relatively small changes may be suffioient to initiate a general
decline,

Hamilton suggested such cxitical changes were the feaults
of cutting and bwming on sites "which axe maxginal for the growth of
jarreh', He did not define, howevex, which of the gite factors ox
plant a:owﬁh determinants were moast sensitive to change. Since there
was 1ittle knowledge of the tolerances of jarreh to specific ecologloal
factors it was not immediately possible to single out gpecific con-
ditions to which javrah might be pexrticularly gengitive, Some of the
gingle factor hypotheses suggested by earlier workers were therefore
examined with the purpose of finding a basisfor a more precise state-
ment of the site deterioration hypothesis. These single factor
analyses weve made in the kmowledge that no one factor may be actually

separated from the ecosystom and appreciating that factor analysis is
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but "an e#pedienoy to permit a complex intexrdependent and continuous
asysten to be investigated with present procedures, (Hopkins 1963).

Among the many changes leading to site doterioration which
had been advanced as likely to be important in the development of
jarrah dieback were -

1)  Decline in nutrient availability

i1) Soil toxicity

ji1) Excessive soil temperature

iv) Moisture deficiency

v) Excess soil moisture

None of these changes alone could account for the whole
syndrome, but they are examined because dieback, in some places, might
be due to one cause, and in other places to another of the changes, or

combination of changes.

Plant nubrient levels may be reduced on a site by -

1) Removal from the site in processes of leaching,
erosion or combustion,

2) Convexsion to compounds which are less readily absorbed
by the plant,

3) Incorporvation in other organisms within the ecosystem

~ which renders them temporavily unavailable.
4) Removal from the site by man.
Hamilton (1951) suggested that oubting might reduce the
availability of nutrients by accelerabting some of these mechanisms,
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Such an hypothosis of dieback cause was consistent with the effects

of outting and with the reported restriction of dieback to poor quality
forest on infertile and marginal sites, and with its marked asscciation
with outting, These conditions were regarded as characteristically
ocourring in specific topographic situations such as gully heads.
Nothing was known, however, of the velative tolerances to nutrient
deficiencies of the various specles in the flora so that it was not
then possible to determine whether the mitrient deterioration hypothesis
wae consistent with the obsexrved renge of veactions of the speciea.

This hypothesis, however, was amenable to test on the basis
that the levels of available forms of plant mutrients in soils or plant
$issue should be lower in dieback affected trees or soils than from
unaffeoted forvest, Wallace and Hateh (1953) rmeported that in leaf ash
analyses for Ca, Mg, K, Mn, P and N end goil analyses for Ca, N, P, K,
there were no Aifferences which could not be accounted for by a reduction
of litter accession following the death of trees. In other words, such
differencen ap Aid exlet were more likely a consequence of dieback than
a omuge, (Hatch 1964).

The matrient deficiency hypothesis is further weakened by the
later discovery of extenslon of dieback on to more fewtile and deeper
soils,

51%) el by

The health of a plant may be disturbed by the effects on its
metabolism of toxie concentrations of inorganic ions absorbed by the
plant from the soily by toxic exudates of other living organisms and

miorobes and by acownulabtlion of toxic concentrations of by=products of
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the breakdown of organic vesidues in the soil., These effects may be
grouped as soil toxleity effects, though they may be paxrt also of the
broader concept of soil sickness. Such effects may be generally phyto-
toxle or specific depending upon the concentrations and upon the nature
of the agent involved.

Toxicity due to increase in ion cog@r_ltmti% .

Increased mobilisation of various ions and thelr accumilation
in soluble forms at lower points in the topography have been suggested
as possible caumses of dieback. Stoate (1948) considered that Jarwah
dieback might be related to the deaths of native vegetation on salt
oncroachment areas in the farmlands to the east of the jarreh forest.
Waring (1951) considered this to be unlikely but agreed the possibilities
warranted investigation. He suggested the poseible mobilisation of heavy
elements such as chromium and vanadium and their acowmlation in watexr
gaining situations. Stehl (personal commmnication) had suggested the
role of aluminium and manganese toxicity should be investigated.

There ave few wveferences in the literature to such effects in
natural stands of foreet trees or other natural vegetation although in
wndisturbed conditions the distribution of plants is determined, intexr
alia, by the tolerances of individuals to the varions constituents of
the substrates on which they occur. Thus salt sensitlve plants ave
naturally excluded from saline soils. In some situations the concentra~-
tions of soil constituents may be so phytotoxie to all plant forms that
the areas wemain barren of vegetation (Daubenmire 1959). Since plant
commmnities tend to a dynamic balance with their enviromment or disappear,
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the tolerances of various species to specific soil conditions, including
ion concentrations, determines their natural distributions. TFor example,
Winterhalder (1963) has demonstrated Mn toxicity vesponses in I, gumnifera
grovm experimentally on rain forest soils from which the gpecies is
exoluded in nature. B.galigna, which occurs naturvally on the higher Mn
vain forest soils, showed no toxicity symptoms.

Serious digturbance of plant metabolism in a commmnity growing
naturally on a soil to which it has adapted is, therefore, unlikely to
be caused by excess ions (Walker 1951), (Wilde 1957). Such disturbance
may, however, occur where plants are grown on sites othex than those on
which they natuxally occur or where there has been disturbance of the
natural environmental balance. Woods (1955) has attributed deaths of
p,radiata to salt toxiolty. Nemec (1948) has desoribed a growth stagna-
tion of Scots Pine (Pimus sylvestris), which is associated with toxic
levels of aluminium in degraded soils of poor asration and increased
acidity. Theme ave many examples in orop husbandry and horticulture
of the association of plant disease with acounulation in plant tissues
of toxic levels of ions such as Boron, Manganese and Aluniniun in acid
and in poorly aerated soils. In all cases plant ranges of tolerance
occur (Walker 1957)s Walker concludes also that these effects "ave in
the xr;ain ¢hronie and appear as the wesult of gradual inoreases in
inimical concentrations of one or move ions so that growth depression
may progress slowly for a long period without marked symptoms developing".
The possibility of increased goil saliniby.

There ave a number of similarities between jarrah rdiebaok and
the soil salinity problem of the higher rainfall zone. This is
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particularly apparent in the association of the troubles with logging
on the one hand, and clearing on the othexr. There was aloso at the time,
similority in the assoclation of both troubles with defined topographic
situations and soil types and with the apparent extension of the areas
in the early stages,

This problem affects the native vegetation where it has been
retained in susceptible aveas. Perhaps the ecarliest references of wide=
gpread dying of native vegetation in south westorn Australia, vefor to
nags dying of Ducalyptus woodland in the 11" - 25" rvainfall gone., This
dying followed extensive cleawing of adjacent higher country and wae
agsoolated with inorease in the anount and salinity of ground watexrs
and the development of barve patohes on which grows only salt tolerant
samphive (Salicomia gp) (Wood, 1923, Burvill 1946, 1955). ALl other
vegetation, including cucalypts, eventually dies oub, Among the many
spocies affected are Salmon Gun (E,galmonophloin.F. Muell), York Gum
(E.loxophleba. Benth), and B, wandoo, Blakely).

The manifestations of this trouble vary in diffexent parts of
the agrioulturel avea (Burvill 1946). In the higher rainfall (13% - 25")
areas the affooted aveas commonly occur on or near drainage lines "elthex
near the sources of gullies or along thoir edges or on oxtensive flata".
Limited examples of this type may be seen within the jarrah forent zone
cloge toward its eastern boundary. Problems of salt acoumlation; however,
are gonerally problems of semi-arid eveas., Similar troubles have been we-
ported from semi-arid aveas of Vietorlae (Leoper 1957).

Inoreasing soil salinity in Western Australia has weceived

considerable attention as an agricultural and soll consexvation problem,



(Teakle and Burvill 1938, Buwvill 1946, 1955), and as a wator purlty
problem (Wood 1923, Anonymous 1951). Thexe have been more detailed
investigations (Smith 1962, Bettenay, Blackmore and Hingston 1964) to
dotermine its canse. These latter reports confirm the earlier conolug=-
ions of Teekle and Burvill but give a move detailed account of the
probable mechanigm, Clearing has disturbed the natural equilibiium
present under native vegetation, by inoreasing run off and vecharge of
aquifers, This leads Yo moxre frequent rise of salt bearing ground waters
to the surface, and the deposition of salts, predominantly godiun chloride,
in the previously "salt free" surface horigons. Leopex (1957) has
offeved o similor explanation for the development of salt eneroachment
in semi-arid Victoria.

Tn view of the general ebsence of an agriculturel soil salinity
problem in the aveas with rainfall exgeeding 30" per annum 1t is necessaxy
to postulate that jarrah and its sugeeptible associates ave gensitive to
lower concentrations of salte than ave either the rvesistant species in
ddeback aveas or the sgricultural crop and pastuxe species commonly grown
in these higher wainfall aveas. Plcmt' species ave known to vary consider-
ably in tolerance to goluble salts (Russell 1950, Leepex 1957). Although
there ave no data available for the speoies of the jarrah forest, it has
boon suggested (Ridley personal commmnication) that eucalypts in the
gubgenus Renanthorae (Pzyor 1959), to which jarrah belongs, are intolorant
of relatively low oonoentmtion# of goluble salts. Ridley states that he
nas found no wecond of membexs of the Renanthersme occurring on soils
undergoing salinisation, It is possible that jaxrah is so sengitive to

salts that disease may ocour at eoncentrations lower than those necessary
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to eause offlovescence of salts on the soil sur{ace,

The hypothesis w_oulc't be supported by evidence of &~

1) A higher level of soluble salts in ddeback soils than

in adjacent unaffected soils, and acoumlation of higher
levels of specific lons, 0«g chloride in plant tissues
from dieback areas.

2) A positive correlation between stweam salinities and the

proportion of diseased areas on dieback affected catchments.

3) A clear pattern of association of the disease with logging

and & low ineldence, or its absence, in extenaive undisburb-
aed areas,

The evidence on these poinbe as shown below, is in fact, to
the contraxy.

Levels of soluble galts in £l eld soilg.

Hatoh (1964) carried out a serlos of enalyses on o range of
lateritic moile from the jarrah forest which ghowed that water soluble
salts were low in all surface horizons, He found & mean value (nm72)
of 0,014% and a 8D = £ 0,005, Of this total ohlorides, caloulated as
godium chloride, comprised from one~third to one-half. In a separate
study (Wallace and Hatoh 1951), soils from diseased forvest and from
nearby unaffected forest were examined at three localitiecs. Thelr
date for waker soluble chlorides (expressed as sodium chloride percent)

in the A and B horizons are shown in Table 1.

+esscontde.next page
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Table 1 (Extracted from the data of Wallace and Hatoh)

He. o D Tores
Jean A0, Mean ~_Range — _No.
Teendale 0,008 0,007 9 .008 0,023 13
mntlgy 0,002 005 16 004 L0113
Fewleys 0,017 066 21, <014 043 18

Wallace and Hadoh (1951) concluded that there was no evidence
of salt acoumlation in the soils examined, despite annual accrebions
of salt from painfall of the oxder of 100 lbs/acve/anum in this area,
(Hateh, unpublished 1953). These levels ave well bolow the limits of
solexance for general oxop purposes of 0.1% suggested by Leeper 1957.

Analyses of soils from pot trdal numbexr 1, Project WoA«4,
indicate that jarmeh will tolerate higher levels of total soluble salts.
In that tria) jarreh seedlings were grown in the greenhouse in 6" pots
of fleld soil taken from a dieback avea and fertilived at weekly intexr-
vals., Seedlings died in the untreated soil but grew well in steanm
aterilised soil, Three pots of each soil were air dried, gereened to
o mm and specific conduetivities of 20 gram (air dvy weight) samples
determined on a Philips measuring bridge and converted to total soluble
salts % aftor the methods desoribed by Pipexr (1942)., The data ave

presented in table 2.

s 0000 cconbdenaxt page

~



Table 2.

Ste 80, Untreated 5o
Replication 1 0.18 0426
v 2 0436 0416
. 3 | Led2. D16,
Mean 0.32 0.19
e ersees
Streem galinitie relation to extent o ebagk.

The forests on most catehments which rise in the eastern parts
of the jarrah forest and discharge into larger streams before reaching
$he wostern zone have relatively little dieback. By comparison, foresis
on many of the more westerly calchments are gseverely affected with
dichack, Stream salinities ave, however, inversely related to the
extent of dieback in the forests on their catchments, The catchments
14sted in table 3 ave ranked for extent of diebacke. MNean annual strean
salinity values (in grains por gallon) ave shom fox tho yeavs 1955, 57,
56 and 60=63. This data has been derived from Department of Public Works'
analyses of regular monthly samples taken at fixed geuging statlong,
These years ave the only years available to 1963 when monthly date fox

all stations was avallable.

«ss0ccOnbdonext page



Table 3.

Catchment Dieback Mean Abgolute

Rating Haxe, Max,  Min.

Bancells Brook Severe 9 1 4
Logues Brook Severe 10 14 & .
North Dandalup River Moderate g 22 6
Davies Brook Voxry Low 19 20 8
Yoxrragill Brook Low 43 52 12

It is vecognised that certain species ave more highly sus-
ceptible to soil salinity than othexs. Churchill (1961) xegavds the
Restionacese as a sall sensitive groupy their ecologleal position on
saline soils is taken by memboxe of the Cyperaceae. Representatives
of the Restionacese family, partieularly specles of Loxocarys, dominate
many 0ld dieback areas. Further, the good health and regeneration of
the normally salt susceptible species, E. wandoo and lpudig on jarrah
deback areas at the 46 mile and 45 mile pegs on the Brookton Highway
in the 25" painfall zone, is not consistent with soil salinity as a
cause of dioback. These speciles sucoumb in saline areas less than ten
miles further east near the Dale River.

Dieback has more recently appeared in areas where there has
been little mecent disturbance by clearing or cutting. The main
examples of this ave in the low plateau of the Blackwood,vn area which
receives regular winter vainfall of l;ign intensity - conditions which

give rise to podsolisation processes and which ave generally regavded
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as not conducive to the acowmulation of soluble salte within the profile.

In not one of the aspects tested does bthe soll salinity
hypotheois satisfactorily account for 'i;he observed phenomens.
Metal,_Ton Toxioity,

Waring (1950) suggested toxioc concentrations of elements such
as mangenese, chromium venadium and titanium might be responsible for
dieback, He considered that outbing may have brought about changes which
inoreased the mobility of these elements and allowed their concentration
in basin-like end water gaining situations in which dieback generally
ocourred, Stahl (personal commmication) had suggested aluminium and
nanganese toxieity might be responsible for deiback, Many elements may
be toxic to plant growth where they occur in excess concentrations in
the ionic state (Meyer end Anderson 1939). Such toxicity is, however,
rare in natural forvests (Wilde 1957).

Boron toxicity has been reported for horticultural crops,
including apples and pears (Grasmanis 1958, Bexrg, Clulo-Berg and Orton
1958). It is unlikely, however, that toxic levels of Bowon occux in
jarrah dieback aveas since horon gensitive crops, e.gs apples and peavs,
grow woll on cleared javrah dieback sites in the Piokériﬁg Brook arvea.
Boron levels in lateritic soils in Houth Westoxn Mustralia have been
shown 40 be low and to progressively inovease eastward (Hingston 1966).

Iron, manganese and aluniniwm toxlelty ave typically problems
of highly ecid soils or poorly acwated soils (Leeper 1952, Russell 1930,
Meyer and Anderson 1939). There are many references to aluminium and
nanganese toxicity which refer to disease of orop plants on flooded soils
(Taxasova and Khlebnikova 1950)}4’99,5“: 19563 4 Gragnanis 1958). On
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highly acid soils legumes (Rdvison 1958), kale, lettuce, sugar beet
and potato (Hale and Heintze 1946) and conifer seedlings (Duchaufor
and Roussean 1959) axe reported to be affected by toxic levels of these
ions.

The possibility that such toxleity causes jarrah dieback is
not consistent with the mildly acid condition of the jarrah forest
' goils or with the ocourrence of dieback on well drained sites. Hatoch
(1964) has moasuved a measured pH of a vange of Jarrah forest soils
and found a mean pH of 6.40 Y 0,32 for n= 72, In an sarlier atudy
Wallace end Hatch (1953) compared with pH of soil solution at several
points in the profile on ten dying sites with ten unaffected sites.
They found a pH zange 5.5 to 6,8 in dying aveas and 6,1 to 6.9 in
unaffected aveas, These pH levels ave well above those normally
agsoeiated with toxioity by iron, manganese and aluminium, Leepex
(1957) has suggested that levels of 15 p.pem. at pH 4.5 is a level
which many plants will not tolerate. The only reference to toxic
accumilation ab pH groater than 5.5 seen, is that of Grasmanis (1958)
who veported association of Mn excess with bark necrosis in apples,
This uptake occurred in anaerobic conditions under constant waterlogging
in soil with pH values in the range 6.3 to 7. Jarreh forest soils con-
tain very high levels of ivon and aluminium and, in places, comnexrcial
grades of hydrated aluminium oves ave mined. There was early intevest
by mining exploration geologists in the dieback barvens because of the
agsoclation of high grade bauxite owe deposits and natuvel barvens in
the West Indies., Elkington (personal commnication) veported that

'oontra.ry to expeotation, high grade ores were found mainly under
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ridge tops and not in the typical dieback gullies. If site disturbance
had in some way caused toxic levels of these ions to come into solution
without reducing pil markedly, then higher levels would be expected in
the tissues of plants growing in dieback aveas than those in wnaffected
aroas.

Wallace and Hateh (1951) found for folia manganese the opposite
to be the case, In colorimetric determination for manganese on acid

digested dried leaves they found the values of table 4.

Table 4.
E.m@gﬁg )
Replication Dieback naffected Digback n ted
X 62 204 87 121
2 82 164 40 192
3 228 293
4 132 112
D 104 114
6 128 150
Mean 122 173 63 156
L= SEEREE RS L e R TR I FrdnB ey

Foliar manganese was also determined on seedlings grown on
untreated and on unsterilised soil from a dieback area in which seedlings
had failed and grown well respectively, i.e, seedlings from Experiment 1,
Project W.As4, The date presented in table 5 are consistent with Hateh's

earlier fiecld data.



Table 5.
Sterilised 307 157 367 271
Untreated 144 110 106 120

The evidence of higher levels of Mn in healthy plants than
in digeased is not consistent with the view that levels of Mn in die-
back soile may be toxic to jarrah, By contrast, aluninium toxicity
is not necessarily agsociated with acounmlation of Al ions in foliar
tissuos; Russell (1950) states that it accumilates in the roots and
interferes with phosphorous absorption. Because of the high levels
of Al ocourring naturally in jarreh forest gsoils the chances of
obtaining root material free of surface contamination were congidered
too high to warrant analysis of root timssues for absorbed aluminium,
Howaver, early good growth of aluminiun sensitive species on dieback
goll would require rejection of the hypothesis that dieback is due to
aluminium toxicity. Barley is veported to be partioularly sensitive
to aluminium (Meyer and Andexson 1939, Hewitt 1947)s Accoxding to
Hewitt (1948), oats is tolerant of high aluminiumj Foy and Brown
(1964) by contrast, considex oats to be a sensitive test plant. Two
A" pots of unsterilised soil of Experiment 1, Project W.A.4, in which
jarrah seedlings had died, were therefore resom to three specles
jarreh, Mugge oats and Prior barley. The jarreh died in the seedling

stage but both cereals grew well, produced healthy root systems,



set seed and matured.

It is concluded that jarrah dieback is not due %o
aluminium, manganese or boron toxicity. Because of the evidence
of other investigations reported elsewhere, are now s0 strongly
indicative of the role of a soil borne pathogen, the toxicity of

other elements has not been considered.

Officexr in Charge.

December, 1966,
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