


Coni . : r : : ,

' "  l {  inE

"8,-'--, ir,t i ,r

' "  r i i l i r l ,  , '  . r  r - ' ' l '

Cover pholograPh: Jarrah
regene ra t i on  I n  t he ' 100  Yea r  o l c l

forest - MundlimuP - regenerated

in ' 1875  f o l l ow ing  t he  l o8g inB  o f  1872 '

Publ ished lor  Mr P J McNdriard,  A' l in8

Conscrul to,  of  t , , resrs toresls Departmenl  of

westcrn Auslra l ia 50 Hayman Road, Como

Arl ic les in rh is publ ical ion mav be fu lLv

rcpr inted prc lerablywi lhacknowledgcmenl

excepl  ln (hu case of  commcr ' ra l  promorron

matcr ia l .  whcn permis l ion mLrsl  be obla lne( i

Pa' le preparal ion and ofGel  p ln les by

Cibbncy's Cr.rphic5 1980

Prin led in Western AustraLia by thc Covernment

Pr int int i  Of f i (c  at  ISSN 0049 7120

I t r r r r ,  r .  p l ' o  " q r ' ' p l - e ' l d 1 ' l  l l  r ' r r d r ' ' i l a

Forens DePar lmenl  Oi t i .ers

C h i e f c d i l o r l M  R  L c w i s . M A  { C d n l )

C o m p i l c d  b y l  M  K : r Y

,ron - i .- . .opc wd\ u'Fd lo ldke thi '  hiEhlv.ma8nif ied , 
l

oiLture of Phylophthora r innamomimv' pl ium invadrnF Inc oarK
- . . - . p - , " * " . ' . r l P h t t , , P h t ] l , r . t ' i t t t t . t t n t n i l o ' n | J r e I h i .
e , l u i p m e n t  u , i t h  t h p  q r n * n e ' '  o t  r h c  R ' '  f s r n  " n  l " r q P  l l

cel ls of a jarrah root.



t

')oollno f,rlsrr.urldo erour P ro, srseq eql pepr^ord
sEq 're^e/l^oq 'qJrEeser luaf,eu 'lsero, eloqM eql

Aollsap plnoM ll uljsl buol eql ul lPql ulafuof,

puP sMor8 ]r qBnoql ua^l 'prsv lsPl qlnos
Jo suor8er lPlrdorlqns puP lPlrdorl aql ur pa^lo^a

sAE q ol pe^_al laq s u/ou/ eu u,J u o tl lrld o lA Lld
'snEun] euroq-lros'pa)nporlur. uv

'twoueuut) uoqlqool qd
se ra8pod luErJ 

'rC ,{q parlnuapr spM eseasrp aql
,o asnPf aqt teql 'slsrlueDs ,(ueu.r ,4q qtrreasal ,o

srea^ raue '596[ 
l0un ]ou sp/v\ ]l ]nQ '9961.-676t

ueeMtaq lsarol r.lPrrer Jo sarPllaLl ]o spuPsnoq] ,o
. illPap pue aurltrap aql pasnef, ssessrp eql^'srea^
Aurrll JaAo roj af,rpPrd asn puPl pue lueul^aHeueur

lsero' uerlPrlsnv ]saM qlnos burpa,]e
roltrPt rolPur P uaaq seq )reqarp qPrrel

uegaeo'W'd pue t]€ddrf '[ ')areaLls'l 
B 'peqs d'S

Aq

)fVflIIC HVUUVI NO
TA|I:)IdSUId MIN V

9- '. e
Lt}6f+ouad aq] ur ruro{reuul) eroqlqdolALld Ag pallr)i ara^\ lserol }o sarepaLl }o spupsnoql }saro, qe.ue( paseasrp,{1e-rana5



Phytophthora ci nnamomi
in the Jarrah Forest
Environ ment

Following the identification of
Phytophthora cinnamomi, a major
research programme was
commenced.

Phyto phthora ci n n am omi had
been the sub.iect of intensive
investigation in many different
countries, and much was known
about its life cycle, but there was

virtually no data on how the
fungus reproduced and survived in
West Australian soils. One of the
first studies undertaken needed to
determine how Phytophtho ra
cinnarnomi functioned in the
jarrah forest environment.

Understandably, given its
tropical origins, Ph ytophthora
cinnamomi only thrives when soi
conditions are warm and wet.
Prolonged soil drying kills the
fungal spores.

In the valley floors of the jarrah
forest the soil remains moist for
most of the year, creating a
favourable soil environment for
the fungus. These areas form only
a relatively small proportion of the
jarrah forest landscape, and many
of the shrub and understorev
species growing in these valleys are
resistant to Phytophthora
cinnamomi.

The majority of the jarrah forest
grows on upland slopes and ridges,
where the surface soil lavers are
well drained. Detailed
measurements of soil moisture ano
temperature over several years
showed that the soil environment
on these sites is only marginally
suitable for Phytophthora
cinnamomi. On the ridees and
slopes it was found thaithe fungus
could only produce mobile spoies
during brief periods in autumn
and spring, when the soil is warm
and wet. During the summer
months, soil conditions are so dr,,
the fungus is almost eradicated.
Rapid movement of the fungus,
apart from its transport in infected
soil, is restricted to areas where the
soil has been disturbed and an
overland flow of water occurs.

Detection of Phyto phthora
species in soil has always been
difficuh. In recent years, however,
a variety of reliable techniques
have been developed, and
thousands of soil samoles taken
from infected sites have now been
analysed I or Phyto phth ora
cinnamomi. While it was possible
to readily detect Phytophthora
cinnamomi in the infected valley
floor sites, the recoverv rates from
surface soil layers on slopes and
ridges were usually low. Even on
severely diseased sites, Iess than 10
samples in every 100 analysed
yielded Phyt o phthor a ci n n a m om i.

The surprising conclusion from
these studies was that despite the
fact that the fungus caused mass
destruction of the forest on some
upland sites, all measurements of
the soil environment and the
activity of the fungus in the surface
layers on these sites indicated that
they should not be subject to
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Sampling soil for Phytophthora cinnamomi in severely diseased I
sttes.

Concreted lateritic layer which underlies soil on sites where A
mass decline and collapse of forest occurs. Water pools on the
surface of the layer providing ideal conditions for spore
production, Spores are spread in water moving laterally over the
surface of the layer.

Phytophthora cinnamomi occurs at high density in soil at the
surtace oI the lateritic layer. Spores are concentrated in the root
channels. (Venical bars show relative concentration of
Phytophthora cinnamomi spores at each sample point). y

Unseasonal Rainfall
Other tests, made to reconcile

the conflict between field
observations of the disease and the
analysis of the pathogen-
environment, sought to recreate
heavy unseasonal rainfall.
Although this heavy irrigation
during warm weather favoured the
fungus, fungal activity and mobility
in the surface soil layers was, again,
not sufficient to exolain the
severity of the disease observed.

Detection of Phytophthora
cinnamomi at Depth

Another early assumption was
th at Phyto phthora ci n n am om i
primarily occurred in the surface
soil, where soil temoeratures anc
oxygen levels were highest, and
where a large food base of fine
feeder roots existed. Although the
soil on some sites had been
sampled at depth, the fungus was
not detected.

It had also been assumed that
the lateritic soils of the uolands
were very porous and that venical
water flow would not be impedeo.
However, during root excavations
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Left: Inoculating a jarrah stem with
Phytophthora ci nnamomi mycelium,

' * . ' ' , - - . *

Top Right: Phytophthora lesion contained
by host resistance mechanisms.

In one trial, some 3000 root ano
stem inoculations were carried out.
over a period of 18 months, and
the progress of the fungus was
monitored by microscopic
examination of the tree's tissue.
The conclusion from this study was
that iarrah trees have a range of
defence mechanisms which curtail
the spread of the fungus, even
when it is introduced directly into
a wound. Seasonal variation in
susceptibility was observed, but it
was oroved that the trees have the
capacity to form a barrier to the
invading fungus.

Again, it didn't add up. lf jarrah
was tolerant to Phytophthora
cinnamomi, how could the fungus
cause the rapid collapse of some
trees? The missing factor had to be
a variable which would account for
the fact that in some situations. in
some years, mass death of .jarrah
occurred, while in other areas the
fungus was present and jarrah root
systems were exposed to it, but the
trees did not die.

ldentification of Highly
Susceptible Sites

Although the layer of lateritic
soils that occurs over most of the
jarrah forest is of uniform surface
appearance, the forest grows in a
mosaic of different soil structures,
It was recognized in early studies
that trees on some upland sites
were mucn more orone Io
Phgophthora cinnamomi than
those on other sites. The uoland
sites were f requently characterized
by the presence of black gravels
on the soil surface. Although this
site variation in the impact of
Ph yto p hthora ci n n amomi h ad
been observed, previous attempts
to determine the biological
reasons for these differences had
failed, and there was no objective
method of identifying the sites.

During the summer of 1981 and
1982 several sites were located
where the process of rapid
collapse of forest was occurring.
This was the first time since the

Bottom Rightr Barrier formed by jarrah root to prevent Phytophthora mycelial extension.
Jarrah appears to have a number of mechanisms which, under normal conditions, makes it
relatively resistant to Phytophthora cinnamomr.
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The rate at which Phytophthora cinnamomi can invade jarrah tissues
varies with season,



'aJEyns 
lros aql Molaq salau.r 0€ ueql arour aq ̂eur qJtll,{\ alqPl

Jale^r aqlol puaua (ra,r|s patured) saalt qeitef lo sloor lEf,ua^ V

'ralsl f,llpalel patar:uor aqt q8no.rqt passed ,(ar'1t araqa,r lurod eqt te
uuoueuuo etoqtqdolqd ,(q pal;t1 araal aaJl srql Jo slooJ lBf,rue^ aql ,o llv V

'sua6,(s 1ooJ ;o uoqleaerxa rlnerp,(q aql Jo] pasn ereM'EoJlV ̂q papr^ord
ualuet a8re; tuoJ1 .rale^r qlr^r pallddns 'sraluEl ar!, )uauruEdac slsarol V

',{;d:eqs aseattul
plno^ tsaioJ Pallaru! ]o s€aJe aSlel

ur aEeuep 1o,{lt:a^as aql 'lle}u!€J

rauuns ,0reaq sP qf,ns 'slua^a

:!lerr1;r ;ensnun,(q palaSSut
sP/rl asdello:r ssEur pasnPf, qJlqM

ssarord aqt l1 leql ]qSnoql sEM
It 'paPuedxa sPLl eale Paparul eql
'slea,( uaalrrf lsPd aql u! Ilpelleu

paulllap s€q saall qPllel ,o
aler qleap aql q8noqt;e'ro1 'ln:al

plno^ '9961-St6L uaa/v\l3q lsalo,
]o sarPpaq ,o spuPsnoql Jo qlPaP
aql pssnE) qllq/!r 'suolllPuof aql

]eql ltradsoJd aql se/!l siaSeueu
lsaro, r{PrrPl 8ulluor}uoJ uaaq

seq ql!t{^l ualqord rofeu.r aq1
'sassa:ord asaqt lnoqE a8pa1.ttou1

]o la^al aql pallal 'uaql
'lor)uo) 

]o sPotflaN 'oola^ap 
llrM

asPasrp E /vloq nrpa.rd ot a;qrssod
s! l! lPr.ll suolpPralu! asaql a^llP

qrrqr* sassarord aqt 3u!puelslapun
Aq Aluo sl ll luauluoll^ua

aql pue uaSoqled 'lsotl

uaa^4]aq suolltrPlalul xaldulof,
uauo urorJ sllnsal asPaslc

slsouSold

' !u,!o ure u u p er oqxld qAqd
^q papalur aJa/i^ saaJl qprrel aq) ]o

slooi lel!l.|a^ aql Pue luasalo sP/tt
alualel jo J3^el palartruor aql alls

,fua,ra u6 'sa]1s paseasrp,(;ara,ras 1o
JaquJnu e uo P3)?APlxa aJe,4t saall
0S ralo 'fua^olsrp srqt 3ur,no11o3

.suolsal aql
uo4 Para^orar se^ ltlJoujeuul,

uoqtldotiqd'pauolsal aq
ol punoJ araM sloor aqt 'alPlins

llos aql ̂\oleq aJlaur auo'allJalel
palarf,uof, ]o ra^Pl eq] u! parulo,

s;auueq: qBno:qt passed stool
lP)!ua^ aq) aJaqM sluroo aql lv

'pasodxa arar"r sulals^s loor letr! 34
aq] sn3un, aql a1e:o1 ot tdu.ralle
;eurl e u1 'uaSoqted ^uP ̂JDuapl
ol palle, oslP saarl 3ur^p 0Z ueqt
arou ;o surals,(s loor leluozlJotl
aql ,o Surldues Pue uorle^eJx3

a^rsuaus 'alls auo uo 'palrPl

seaJl 8ur^P aql Jo sloor af,Pfns
aql ul luJoureuu,.l etoqlqdolArl4

palap oy sldu.rape leqlrul 'uor]trP u!
pa^Jasqo uaaq peq uouauouaqd

srqr lPql (s951-st6L) tllPsP
pue aurlrap sseu lo pollad {;:ea



SUREACE
HOFTZONS

The discoveries that
Phytophthora cinnamomi could
invade woody tissue, that the
fungus can occur at high density at
depth in the soil of specific site
types, and that the tree's vertical
root system is vulnerable, gave a
new perspective on how

Infecrion ot veiica I rools by
Phytophlhon cinnamomi

Phyto phth ora ci n n a mo m i operated
in upland sites of the jarrah lorest
environment.

Only now is it possible to answer
some ol the Jundamental
questions and to formulate the
beginnings of a rational model for
the disease.

lnlecrion of venical roots by
Phltophlhota c i n n amon i

larrah trees appear normally to
be resistant to the fungus. The fine
root system is infected and some
invasion of major horizontal roots
can take place but, over large areas
of forest, where Phytophthora
cinnamomi has killed the banksia
understorey, the rate o{ spread of
the disease and the death rate of
jarrah trees is relatively low.

The ability of Phy'tophthora
cinnamorni to cause rapid
destruction of some jarrah forest rs
the consequence of a bizarre
combination of factors.

Jarrah trees have evolved to
cope with long dry summers by
developing an extensive root
system to tap groundwater
supplies. This allows the trees to
continue to use large amounts of
water over the summer, but has
left them vulnerable to root attack
t:y Phytophthora ci nnamomi.

On specific site types, where
there is a layer of concreted
laterite present, vertical movement
of water is impeded and lateral
flow occurs. These are ideal
conditions for spore production
and movement just below the
surface. Vertical roots of jarrah and
banksia pass through depressions in
the concreted layer. The
presence of infected banksia roots
and the fact that the root channels
are formed in depressions which
accumulate water, cause zoospores
to be concentrated around jarrah's
vertical roots. The fungus first
infects jarrah's fine roots, which
often profilerate in the root
channels, then invades and kills
the major vertical roots. Whereas
fungal invasion of a horizontal root
(unless it takes place near the
trunk) appears to have little impact
on the tree's capacity to obtain
water, the fungus has only to
invade a small distance into a
vertical root to cut off the water
supply. Once the tree's vertical
roots are destroyed, its unsated
demand for water results in
desiccation and death.

While climatic conditions,
particularly unseasonal rainfall,
play an important role in
determining disease intensity, it
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Diagrammatic representation of jarrah root system. Jarrah's abil ity to
tap groundwater at depth permits it to use water at a high rate
during summer months. But on specific sites Phytophthora
cinnamomt is able to inlect and kill the vertical roots causing the
trees to die from drousht.
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