
66

'086I uoprng) poolsraprm
,(pood st seqrunururoc 1w1d pnprrr.rpur ;o ,ftrsrelrp eql
pur suoqelndod Jo eJnlcruls cqeue8 eql 'serceds gpld

Jo uoqnqulsJp eql 'uolrledruor cgrcads-"re1ur pu€ -arlur

uo sueSoqlrd 1ur1d ;o acuengur eq; 'perouSr uago
sr "rou elrluu ;o rno8r.l eql uo sueSoqlud Jo EIaJJ"
snolJelelep ppuelod erg 're^e^\oH 'slusld pnpr^ryur

IIr{ Jo mo8rn elpqduoc lceg;z ,(1ea.r1ce1as ,(zu
sueEoqlBd 1ue1d reuuau srql uI 'Eoor ro srtrEs 'selael
'spnq'spees 3ur-{orlsep .{q uwld uor;,(3reua az11qn
'sJeunsuoc ,{rzuud .reqlo e>gl 'sueSoql"d luBld

'elc{c eJrT
neql Jo seEEs lueJeJJlp Suunp seloJ Jqdo4 lueJeJJrp
uo e;p; r8urg euo5 'ue1s,(soce lseJoJ I Jo emloruls
crqdorl cpsuelce.reqc eql uJqlr^\ sJesduorep Jo
selrsrred sr s1ur1d yo (sqdo:prel€q) sJeurnsuoJ ,(ffurud
a.rr pue g,{qdorolqc 1ce1 €ung '(tZ6I sqIIoS pu€
spuoupg) pegpuynb al !l u"aq suq se1c,{c eseql rn elor
neqt qEnoqlF 'sruEsfsoJa lseroJ qrqllrA slueunu pue
JelE,r(\ 'uoqr"c 

Jo 3m1c,(c eq1 q luBUodur eru r8ung

',{Soloqe u,rrrou{un Jo ses€esrp
uo uoqses eqt ur peJe^oc ,(ueFq aq flt/(r sJotc"J
caolqe,{q pesnac es"asrp :!3srg .{q pesn"c es€asrp

ol el8lar lll/r\ uolssncslP eql Jo lsol I '(8L6I lPJuqcS)
sueSoqled lu8urg Kq gasnBc eJ" s"oJl lseroJ Jo
saseesrp lsou lsql seerB reqlo ur acuauadxe eql qlr,/r\

lu"lsrsuoc sr sq1 'r8wg 
IIB eJB I elqtJ ur sursrmEEro

cueEoqlud pe odal aqJ rEq aluudordde ereq,t

PeqrJcsep eq 1wr ferolsrepun et0 uo esseslp Jo lceJJe
eq1 q8noqlp 's-erceds faJolsJepun JoJ lsll JBIruIs a Jo
uop?lrdrum sepnpaJd uortBrruoJrn Jo IsrI 

'I elq"I ur

Polsll eI8 BrlBJlsnV IuEsefr-qlnos m JeArX uolsald eql

Jo qtnos lseJoJ ur Eurrrncco setrads sntdQocng urcv
eql Jo seseeslp Sulsnuc peuoder sueEoqlud ery

'e,rqcadsred scruru,{p
i(lrunuuoc ro pcrSoloceufs " rrrql JeglBJ (lueuuorrr'ue
Jr?ql ol uoqEeJ IIt suoq€Jndod Jo serceds lBnp!^pul
Jo JnorABgeq aq1) lucr3o1oc.a1nu u" uo4 pelpn1s uego
eJoru eJa sesaesrp lueld '(tr6l srnlos puB spuoupg)
surels.{soce lseroy ;o Suruogcurg eql ur .{"ld sesresrp

luqd elor eql ueeq s"q perpqs alllll pue perou8r uagg
'serceds aarl luegodrur ,{llucnuouoce Jo ,&r^qrnpoJd
puE r{l,,AoJ8 lueuqsltq4se eql uo esrcslp Jo stc€JJe
eql pezrssqdue ,{1uryu e,req sesresrp lseroJ uo s-olprqs

uorDnpoJlul

sc(f,T,&toN)t rNEuunJ

'pessncsrp orr

uoulaSeueu roJ suoq"clldrul slseJoJ ueqmos ur prJueuadxa slueuruor^ue eq1 ur ,{ rqldocsns
pu€ uo.rlceJur l$oq 6E IIoA\ $€ pBerds pu€ uo-rFlnrods 'IBAIAJn$ ueAoqlBd JoJ sueruerlnber cgrcods
eql uo 8uq.BI sr uorl€nuoJlrr 'JeAe,a\oH ',(lJ 

IlrB uBrlnq puB lueuuon^ue 'ue8oqlBd 'lsoq ueerqaq
suollc€Jelul Jo xelduoc r urJoJ slseJoJ rueqlnos ul sasgesrp aqJ ,{3olor}r ud\ou)lun Jo sesEesrp
eIa ooPrr8/t\ pus gJ?uI Jo eullcop-'lcBqerp p[rB [JJE{ Jo Poo,,[ ull1.oJg r[?4snv u4lse/r!-qFos
ur seerl $eJoJ uo 6un; tods 3ee1 3o uo11e3r1se,rur crleue$,{s ou uoeq seq aJeql pe.ror61 ueeg
,qefuq sBq ql?ap qcu@q puB ruels ol 6unJ r3{uBc Jo uorlnq!-rluoc eqt 's0l6l eql eculs BIlB4snV
urelse^\-qtnos ul peseeJcur sBq eqlcep-Ic€qelp d,{tBcne Jo ecueprcur aqt q8noq} ue^g 'FunJ

Bql1or pooar raqlo u"ql qprsnv rrr4se \-qlnos Jo slsoroJ ur. Dnloqnqorfil o1to111uuy 5o pedur.
puB uorlnqutsrp eql lnoq8 u^lou)l sr aJour ,{p DBleJ lBql uEaur seq qcr€arser luecad 'sJeIuE

por Susn?c $aaoqlad urBur eql aJB qo4tlc 'J pua luoutuulc otoqtqdotKlll (f3o1o1p u.nou4un

Jo seseesrp pus spds Jael 
'sJelusc qcuaq pua uols 'sloJ poo^\ 'sroluBc toor) sod,{l pBojq a^g

rrpun paquJsap ars arlaJlsnv urJlsJ/{\-q1nos Jo slseJoJ ,ql ur Suu.rnJJo sosResrp Jo ,(SoloJa eql

|JBrlsqY

rarBaqs '.I '{

BIIBrlsnY urelsall-qlnos Jo
lsorod uraqlnos oql q asBasl(I
Jo suollBrlldrul lBrlSolorfl aqJ

9 Ii!IJdVHJ



Table 1

Diseases of the Ercalypt&r species occurring in the Woo&hip Licence Area in southrvestem Australia. X
indicates occurence of disease, susceptibility obtained from inoculation or observation indicated in

parenthesis and reference number ill sq)erscript.

DiseaselPathogen
Red FloweF Tingle

ing Gum Yellow Red

SOUTH-WESTERN AUSTRALIA

ROOT CANKERS

PlEtophthora cimanoni
Phltophthora citricola
P lty top ht hor a dr e chs ler i
P hy topht hor a m e g asp erm a
vllf. soJae

P hy top ht lwr a nicoti ana e
Phytoptt ora nicoriarae
vat. p@asirica

wooD RoTs
Armillaria lu eobubalina
(White rot)
Phellhu$ gilvus

Phellinus rimosus
(White pocket heart rot)
Piptopor us austaliensi$
(Brown cubical hes.t tot)
Piptoporus portefiosus
(Brown rot)
P o typ o r us p e I li c ulos us
(Brown powdery rct)

Polyporus tumulosus
(Heafi ro$
Poria mutaB
(Yellow straw rot)

BRANCH AND STEM
CANKERS

Botryosphoeio ibis
Endothia gyrcsa

Ranulorio pirereka
(Sporotichum d esbuctor' !)

LEAF SPOTS

Daisionellz eucalypti
Faimaniella sp.
L ep tom e lanc o ni un a us t r ali erc e
Phoma sp.

UNKNOWN ETIOLOGY

Brown wood
Crown decline
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More is known of environmental factors affecting
disease and 0re ecology of pathogens occuring in
south-westem Australia, than on the implications of
disease in an ecosystem conlext. For this reason tbe
diseases occurring ia the forests of south-westem
Australia are described under five broad types (Iable
1). Table 2 summarizes the life cycles and Table 3
possible implications of representative pathogens for
the four disease types of known etiology. As an aid 0o
the assessment of potential disease problems, Table I
also includes those pathogens reported when the
Euca.Iyptus species were grown outside of
south-weslern Australia and in nurseries.

DISEASES OF JARRAII, KARRI,
MARRI AND WANDOO FORESTS OF

SOUTH-WESTERN AUSTRALIA

Root Cankers

PhytophJhora species are the main pathogens infecting
secondary phloem of roots of Eucatyptus tn
south-western Australia (Table l). Although mainly
root pathogens, Phytophthora species can also invade
the collar and lower stem. The Phytophthora species
in Table I are introduced soil borne opportunists
whose life cycles are characteristically dependent on
noisture for sporulation, survival and dispersal (Dell
and Malajczuk 1989; Shearer and Tippett 1989). The
soils and topography in conjunction with the
hyclrological cycle and a susceptible plant comrnunity
of south-western Australia have provided niches
whereby Phytoplxhora species can survive dry
conditions, despite the harsh dry summers experienced
in the region. The inieractions that have created the
diversity of microenvironments and conditions
favourable for spodation, survival and dispersal of
Pltytophthora species in south-westem Australia are
detailed in Shearer and Tippett (1989) and can only
briefly be described here.

Phytophthora species are probably r strategists in
the r-K continuum of MacArthur and Wilsou (1967) as
they can quickly reproduce and complete their life
cycles (fable 2) when conditions are favourable. The
sporangium-zoospore cycle can rapidly produce and
release large numbers of zoospores (Table 2) into the
soil when conditions are warm and moist. Favourable
conditions for sporulation in the mediterranean climate
experienced in south-westem Australia, are most likely
to occur in auturnn and spring. Low temperatures in
winter and low moisture levels in summer inhibit
sporulation. Conditions for survival are not as
restrictive as those for sporulation aud the fungi
survive wherever the soil is moist or infected host
tissue is present. Sexual production of oospores is an

important form of reproduction of homotballic species
srch as P, citricola and P. megasperma var. sojae
because the thick-walled spores ere more resisiant to
desiccation than mospores,

Favourable environments for sporulation and
survival vary between areas and from ye3r to year.
The coincidence of warm moist conditions depends on
the commencement atrd finishing of frontal winter
rains, the frequency of summer rain, the occurrence of
water-geining areas from near-surface seepage above
impeding horimns within the soil profile, the amount
of soil cover, and of disturbance. The dishibution of
susceptible host malerial is also an important factor.

Infected moist soil moved by human activity is the
main way the Phytophthora species are dispersed over
large distances. Natural dispersal occurs by water
flowing in surface and near-surface drainage systems
and by growth through root systems (lable 2).

Phyophthora cinnatnomi snd, P. citicola arc the
most frequently recovered and widely distributed
Phyophthora species in the southem forest region
(Table 4). T\e two Phytophthora species have been
recovered nrainly from janah (E. marginata) forest,
but also from karri (E. Qiversicolor) forest (Schuster
1978; Shrkely and Hill', personal commrmication;
unpublished reports by CALM's dieback mapping
group). Often sympiom expression is zubtle, resulting
in underestimation of the occurrence of the
Phytophthora species in southern forests. Disease may
only be evident as sparsely scatlered deaths of
susceptible hosts, I-arge areas are classified as
uninterpretable (Table 4) because of either the lack of
visible susceptible indicator species on aerial
photograpbs or resistant species have colonized and
dominate infected areas in which the susceptible
vegetation has been kitled. Checks on the ground may
improve the precision of inlerpretation by identifying
infection in the shrub layer not evident on aerial
photograplrs. An area infected with P. cinnqrnomi was
mapped through a kari stand in this manner (Cell 13
Report by CALM's dieback mapping group).
Unrecog zed infections in uninterpretable areas bave
the potential of providing sources of inoculum for
inadvertent spread,

Infections associated with P. citricolq have been
noted as part of mapping for P. cinnqmomi, bna fu
areas infected by P. citricola have not been
determined. Inpact of P. citricoln is confined to
isolaied deaths in the shrub layer. However, little is
known of the susceptibility of native flora to
P. citricola infection.
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Table 3

Summary of the imptcations of infection of selected fungal pathogens occuring in forests
or south-*estem Australia

Factor Root cankers
(Pttytophthora
ciruanom,

Disease/Pathogen

Wood rots
lArmillaria (Piptoponts
Ineobrbaliaa) ausrraliensis)

Stem cankers
(Botryosphaeria
nbis)

l,€af spots

Host range

Impact on:
Understorey
Regeneration
Overstorey

Effeot on diversity
Part of natural
succession

Occurrence of damage
in host

Affects growth of
Et6alypttlt host

Canopy reduction

Influences energy &
nutrient cycling

Hazard rating

Rating of risk of
infection

Control options:
Minimizo disturbance
Current hygiene
pructices
Reduction by fre of:
Reduction by
antagonists ol
Enhance host
resistance
Fertilization
unemtcal

Resistanco

decline & death decline & death

very wide

death
death

reduction
not in past, but
now an influence

all stages

reduce(?)

ye3

yes

yes

pgssible

yes
applicable

very wide

death
death

rcduction
yes

all stages

rcduc€(?)

yes

y€s

yes
applicable

naIIow

none
none
decline &
deoth
none
yes

thirming,harvest
rotation,
utilization
none(?)

widc

,|
,|

decline & death

?
probablyn

all stages

reduce-{?)

yes

yes

naEow?

,|

1
deolino

?
probably

all stages

none(?)

some

yes

no

yes

no

llo

no

no

no

no

suso?tiblehosts inoculum
inoculum substrate &

inoculum
? rcduce stress

? ' !
spot infections nla
inrehabilitation inrehabilitation

no

no

?
nla
,|

?
nla
,|

yes
a

inoculum
substrute &
inoculum
rcduce stress

ye3
nla

inoculum
?

r€duca $tress

yes
nla

inoculum
?

rcduce
str€s$
,l

nla
,|

? = insuffrcient information
n/a = not applicablc
a endemic fungi would

.Research conducted in the northem jarrah forest
provides most of the information on the ecology of
P. cinnarnomi in south-western Australia (Shearer and
Tippett 1989). I-ess research has been done on
P, cinnatnotni in southern forests; this is documented
in four publications (Palzer and Rockel 1973;
Cbristensen 1975; Schusler 1978; Strelein 1988) and a
report (Grant and Blankendaal 1988). Because of
differences in climate, landform, soils, vegetation and

the intensity of human activity betwe€n the regions,
resulb from research in northern forest csnnot be
extrapolated south of the Preston River (Shearer and
Tippett 1989).

Chrislensen (1975) monitored moishue end
iemprature in the top 75 nn of soil and formd thst
removal of canopy, scrub or litter cover fron the soil
increased the coincidence of wann moist conditions

\M



90r

IqueuruoJr^ue pu" lBcuolsrq u"e^leq suoqcElelul
'lseJoJ ruequou uBql rueqnos ur ssel $ uoq"eJut
luoraDuutJ 7 3o suorlecrJdrur aql lerll suor8eJ o^!
eql uee,/t\leq ecuelaJJrp erp ruor3 palldurr eq lomBc lI 'uorlrllesqo 

lecrrrdrue uo,(prru pasBq eJ? ecueJeJJrp
srll roJ suos6eu '(9961 qa1eg5) lsa.rog qe.uef u:eq1:ou
ur uBql lseJoJ qBJJ€I uJeqlnos IrI ssel sr lwowouuD .d

;o lcedur ll'ql paJaprsuoc ,{luaue8 s 1y
.sotlJeJtn tworuDuurJ .d uorJ Isu lB

lseroJ ureglnos Jo uorUodoJd eql auruuelop ,{1e1anccr
o1 flrroud q8g e.neq lsmu prszsq go Burdde;41
'pacueruuoc Eurddrur pue pecnpo4ur uaeq ,(11uecer
,{po seq ure1s,{s Euqrr p:rzyq aq; .s.roog ,{druu,r,s
q1r,t s,(e11e,r Jowlu III lrun luReIls eql pue iqros xeldnp
,no11e,{ qlr.^r' euo1s,(ey pue pupqqle; I .slloC 

EIm
eql:lsnJcunp re,ro puzs-,{11a,\Br8 qll^1 EsetJ e8pu uo
JelseH :slrm u:ogpuel Eur,nollog erp qlr/rl pelercossu
etel\\ prvzeq,troy puz q8rq qlog .slros ,(ureo1 elqreg
qlt,r sfelp,l pelrasslp ur slrun uuoJprrBl u"^eg prr"
Ro^\oJC eql pu€ X puu g '1 sad,(1 qlr,rtr pelrrcosse ss \
pJuzq .tro'I 'Jelp^r 

Jo eEeurc;p eq1 epedun lrql slos
xelonp Jo cqualBl qlr^\ pelBrcossB e.rE $r!m uuoJprrBl
.to secldl pwldn eseqa .dnur,{p1e3 pw dnp:r8un1,q
'sqlg lqarJ 'dn8urya,rq sllun uJoJprrsl pt| S puu d
seddl ureq;nos gll,rr' polurcosse sB^\ pJuzsr{ q3111 1se:o;
qrrruf u:eqlnos w luoaDuulJ 7 ro3 urels,(s Buqer
prrzeq e dole,rep ol uloJpuBl puz sed,(1 uoqr;e8ea-e1rs
s.utelerts pesn eABq (gg6l) Isepue{u?Jg pue trr"rC

'S puB U 
,d sad,{1 uoqqe8e.n-a1rs qe::u[

rueqlnos rDr,^/\ pelBrcoss" sErs pourBJp ,(y:ood .1p3upr

q8rq 'alrueJ ssel ur twoumuuo .4;o ecueprcur lseleu8
punoJ (gg6l) ulelerls .lseroJ qa:ef u.reqlnos eq1 ro;

rue1s,{s uorlucgrsselc uogqe8e,l-e1rs e go lueurdola,rep
eql uI 'Jros Jlluelul puus-,{lle,rer8 pue xaldnp
,,rlollBrls rDr.!\ sErs In ,(eJolsJe^o eql ul lwounuulJ .d

Jo tcEdrur lselrer8 pe,r:esqo (9161) relsnqcg .(9961)

lp"pue)pqg pup lrrB.rC puB (886I) uelerls .(8/6I)

rEsnqJs Jo {ro,r erD ruo{ pelJltuepl eq rl?c uoqcaJur
Tsoq pua twowDuutJ .d 

Jo prerds pue as€eJcrrr JoJ
elqpmoluJ eq o1 ,(1e11 eJB l€ql selrs tseJoJ rueqtnos

'ecu"qrnlsrp

Jo qreJJe er$ pu? lseroJ uJeqlnos ur pecuerredxe
slueuluoJrnue ;o a8uu.r eql ut twottmuutJ .d 

Jo
lueudolelep eql lcrpeJd ol pepeeu sr uorlBrruoJrn slqJ
'qros lseJoJ rueqlnos ur ,(llylqndecsns puu uorlceJul
lsoq sB lle/r,r se peerds pue uoqep_rods .1enr,uns

uaSoryad roy slueruernbe.r cgrceds eq1 uo Bwlcq sr
uoqeuuoJul 'lseJoJ t:leqlnos Jo slros puB EueuruoJr^ue
Jo a8ur"r eql ar utowouuti 7 go scnuuu,(p uoqelndod
eql Jo apeur ueeq suq uorlsrnuuelap o11 .luerudole.tep

oscesrp uo utrr Jerrruns Jo EJeJJe 1er1ue1od eq1
epnlcut lou prp,{pn1s aql puB errnl eql l? pet€rceJdd€
lou sE^\ ecaJrns Iros "ql ^loleq qtdep F luoumuulc .d
go lusredsrp pue lEArAJns 

,uorlulruods ol elqBJno^EJ
lueuruorr^ue uE Jo ecualsrxe eql ,oloruJeq ng
'11zgurrr e3e:e,ru-,Lro1eq 3o poued e Surrnp sqluoru
8I JeAo selrs rnog ,{Juo lB peJoltuotu eJal\ eJnlsroru
pur arrquredtuel .suor8e.r u*a,,r,r;eq secuereJJlp pu?
uor8el ureqlnos etp, ur twotwuutJ .3'go luerudola,,rep
uo luaruuoJr^ue Jo slcelJa fye111 eqt elBtuDseJepun
,(pnts (SfOf) s.uesqelsuqC Jo qlnsar eql .rela,ll.oH
'8ur:ds ur lwowluup g 3o luerudoleaep JoJ elqEJno^EJ
aJe,tr suoDtpuoc uaq,,n poued erD Jo uorl?Jnp
eql pespeJcrn relur,^\ Jo pue aql spJB,,rrot unlrredurel ut
estercw llprus V 

'lueurdole^ep asBesrp JoJ elq"JnoleJ

stPp ou -

T
st
z9
t9
t:

z9

8II
€
99
6
9S
zz
9I
z9r
z9
oz
08

9
0
z
0
9I
9
z
8e
I
sz
0

0
0
0
0
CI

0
z
zl
z
0
0

:

ZL
w
IL

t:

L'

- 0929r
9861 962
9861 80e
9861 08
s8/'86r O9L6
t86I 0r6e
€861 0ZSS
a8tz86r z9t6
z86I I'SZ
z861 0018
z86t s6IZ

cd:eqg-daeq-ef11

{r"hl
dnBepJoq

?aA{OrJ
oclv-dnuroA-uotuJoqJ-r.ueC

dnurS:oo4-Bur:dg
aPrsuJnB puEqelletr^l

af, IrE g-^,\otpuY-relsea
pue11cr4g-.{eg31
dn:.re16-uzuoo3

,{aJ"J

(ot) Qt)
( oN) ( oN) ( oN) pelceju DsrB .lqslerd

suotce1ul suo1ce1ul suoqcalul peprd:alul Jelfi eary FEFId
outlDqnqoalq Dloc!.4!r -J.ltrJ

DltDlllrruv otot1t4do1tt14 luntal tc oto4rydofit11 Jee 

3uurue14 puz ,{ro1ue,ru1 'dnorg 3urdde11 {ceqerq oql Jo slrodar pue sdvur uor3 pegdwoc lsarog qur:et
Iueqlnos ur DutlDqnqoanl DltDlluutv We oloautn otor[lrldotKt\4 ,lwouuuulJ Dtoryqdo1Kt14 go ecuoprcql

(€q)
eelvlJolg

t atq",L



7

factors have effected differences in disease incidence
and impact between the two regions.

Historically, southem jarrah forest has been
exposed to less disturbance that favours spread and
intensifrcation of P. cinnamomi than northern forest.
Most of the northern forest has been logged at least
two or three times (Abbott and Loneragan 1986) while
southern forest has mainly been logged only once.
Southem forest has not be€n exposed to the
widespread mineral exploration and 0re road
construction and earth movement associated with
bauxite mining carried out in northern forest.

Strelein (1988) and Christensen (1975) suggest that
disturbance from more intensive management may lead
to intensification of disease owing to P. cintnmomi it
southern forest. Accurate predictions are difhcult,
however, without more information on the influence of
the microclimates experienced in southern forest on the
development of P. ci namomi. Furthermore, the use
of integrated control can rninimize the effects of
disturbance ot P. cintamomi intensification and
spread. Hygiene procedures aheady in practice
(Underwood and Murch 1984) need to be integrated
with control methods that reduce the rate of disease
development. However, integrated control measures
require further development before practical
application (Shearer and Tippett 1989).

Localized death of jarrah has occurred in infected
areas of southem forest, but little is known of the
timing of these deaths and the climatic conditions
when they occurred. The hazard rating system of
Grant and Blankendaal (1988) allows the mapping of
high hazard sites, but cannot predict how quickly
disease will be expressed following infection.
Prediction of the rate of disease expression in sites of
different hazard ratings needs a better understanding,
than is presently available, of the occurrence of
conditions favourable for P. cinnunomi sporulation
and survival and host infection in southem forest sites,
especially at depth in the soil profile.

Host studies have shown that site factors affect the
susceptibility of jarrah to invasion by P. cinnamomi
(Tippett €/ al. 1987). The susceptibility of jarrah on
sites of different hazard ratings has yet to be assessed.
Insufficient is known of the physiological status of host
plants on different sites under different climatic and
management conditions to determine when and for
how long some species are vulnerable to infection and
invasion by P. ci nalnomi (Shearer and Tippett 1989).
On intermediate hazard sites where jarrah is likely to
survive, the effect of P, cirnrunomi infection on
regeneration, growth and leaf area is poorly

understood 0able 3).

Wood Rots

Wood rotting fungi have cellulolytic and lignolitic
enzymes and are important contributors to nutrient
cycling within an ecosystem through the decomposition
of plant material including standing timber. Table 1
lists only decay organisms that attack the sapwood or
heartwood of standing trees. The volume of timber lost
through decay has not been determined for forests of
south-westem Australia, despite the growing
appreciation of the need for betier utilization and
conservation of the present timber resource.

Little research has been undertaken on the ecology
of wood rots caused by basidiomyceles (Table 1) that
are native to south-western Australia (Table 2).
Tamblyn (1937) determined the identity and incidence
of a number of decay fi.mgi in south-western forests
(Table 1) and the taxonomy was updated by Hilion
(1982, 1988). A general description of wood rotting
fungi attacking sianding jarrah is given by l{lltot et al.
(1989) .

Although specific details are lacking, the life cycles
of the wood rotting fungi occurring in forests of
south-weslern Australia (Table 2) are comparable to
similar organisms in other forests. Wood rotting fungi
can be considered as intermediate or J( strategists ir
the r-K continuum (MacArther and Wilson 1967) as
their life cycles are mainly dependent on the ability to
maintain stable population canying capacity (K; from
annual reproduction (Table 2). This is in contrast to
the / strategists, such as the causal firngi of root and
stem cankers, that have fluctuating population levels
and rapid reproduction (Table 2) in response to
transient favourable conditions in a fluctuatins
envlronment.

Infection from wood decay fungi occurs mainly
from aerial dispersed basidiospores or through
mycelium in root systems. Basidiospores, formed by
sexual recombination of gametes, are shed in winter
from annual or perennial fruiting bodies found on
decayed roots and stems of dead and living trees,
Fruiting bodies of A. luteobubalina are rrninly
produced in June and July (Pearce er al. 1986; Shearer
and Tippett 1988), but the environmental stimuli
favouring fruiting at this time of the year are poody
understood. Dead trees foltowing wildfrre, or karri
stumps left after logging may provide a long-term food
base for sporulation of Phelinus species tbat cause
serious heartwood decay of standing trees (Pearce and
Malajczuk 1990a).

Infection points for entry of germinating
basidiospores are mainly provided by wounds caused
by fire, logging injuries, dead or broken limbs or
insect damage. The effect of environment on the
survival and infectivity of basidiospores of most decay

106



Y

LOI

relo-lnc ur se puqpqnqoarq y ro3 satlnmpoddo
.repurs Surpr.tord 'uollureue8e.r selslnruls prru seeJl
ur?)l sllgl ug F]rsuelur qSrq 'alduexe rod '(t elq"I)
mcco ,{eq1 qclq,{ ul surels,(soce eql Jo Suluoqcury
erll Jo Bd s" esgesrP euros Pasnec s,{e,r1u a,teq
r8un; frcep eqt tvqr ,{1a11 sr I sursrue8ro elrlpu sV

'uorsserdxe eseestp
uo s.rolcuJ le1ueruuorllua Jo IteJJe eq1 puu sn8wg
eql Jo uoltnqulslp eql uo puedep osp .(cuanbar; 8uq1nc
go suorlzcrldrur erll 'JeAe^\oH '(Lg6I 'to ,a sEIIe))
runFcoul ol ,lrurxord esolc ur Sureq saarl Sururuurer

;o dgryqeqord oql pu€ le^el unlncoul er1t qtoq
sos"a.lcur Em nc luenba:; q8norqt sdrunls ;o uotleerc
:"p8e11 'as .rad,(lrsualn Eurllnc ueql Dutpqnqoanl 'V

,(q lueurdolelap es"esrp uo lc€JJe reluer8
B pBq EuolJrA Jo EseJoJ ld,{1ucne pexrur Euqlnc

3o fcuenba.r; eql 086I 
'p ta sE1-N :9861 lo ta

ecree4) tuesard urnpcorn Jo lrmoruB eql Eussarcur
f,q lsa:o; eq1 ur trutf)qnqoafil 'F, i(q pesn?c esseslp Jo
ecueprctrt aql eszaJJrn plnoJ suotldt:csard 3ut33o1

'(9g61 
7" la ecrBed) IlsJpur,\\ ot seerl eql esodsrperd

,(uru puu slooJ sue{ea,l\ 'peull'tuoJ q8noqtl8 's€lt

IrrEururop Jo uorlceJur 'JeAe^\oH 'ql"ep puB u,,!lolc

tooJ eqt Jo 3nqpr6 lue,ra:d PvB outPqnqoafiI'Y

Jo suorsel ursluoc ol snoroSll ,(puetcggns ,(yqeqord e:e
spuels Japlo uI sJert llJ"utuoo (9861 lD ,, eJJPed)
sJolc€J ecu"lsrser lsoq seprrJelo ,{lqeqoJd sn8urg aql Jo
pguelod unpcour erp prrB stoor Sutldes trrel Sunof go
Jeleu?rp lFurs ,(1e,r.r1u1er eql qlr,tr pereduroc urnlncour

Jo acJnos eAJp[ B luaserdar sloor durnls pelca;u1
'spuRls uorl"JeueS Ermof ut lseluer8 ,{lqeqord st
sn8urg aql go Fquelod urnlncour eW puB (886I lloddlJ
prrB JarBeqS :I86I elDI) 3ut33o1 3uraro11o3 sdunls
go urels,{s looi ar11 sepulur outpqnqoafil p!.ntlllwlv
'(986I 

?p ta e.ryad) puEs et1; Jo a;11 eq1 3ut.mp sserls

IqueuruoJr^us pua 'szIS eeJl puu rnoSr,r Jo uollJun+ 8
s? ecustsrsal lsoq 'ue3oq1ud eqt Jo l"rluelod unlncour
uee,{!eq ecuslBq eql ut seEueqc s1c-ager ,(lqeqord
spusls luEI rrr Dulpqnqoatnl 'y 

;o lcedurt eq1

'sdrurgs rrreru puB r!s{ pelJeJu Jo snIpBJ
rrr-Ol B urqlr^r flurrru mcco stprep eqJ 'splrvls 

FmIEE
;o 8uruurq1 eql rn eloJ u ,{u1d ppo.^rr DuttDqnqoarnl Y
pu" seeJl pessa:ddns prJE luBrrruopqns Jo tI"€P
ol pauguoc,{prew sr (pyo s:ra( SI-g) spuqs pel}aJul
Jeplo uI sso-l 'sBeJ" 

PelceJul rrr Jn?co ual s?aJl
uorlereue8er Jo ssol lrrucgruSls a puu spuEs lse8uno,{
eqt u1 s8wldes rrrol moro3t,,r. qpx ueSoq]"d aqJ
'(9g6l 'lD p ec:r,a4) lseroJ eqt 3o eEe qtr,rr se8wqc

tseroJ ur"lf eqt q pulpqrqoalnl 'y 
1o pedwl

'(ggOf ueddlt puu rerueqg) poulruJeleP
q ol 1ef sBq uoqcqrrl o1 esuodser uI uoll€uel
o1 uaEoqled Jo lsoq Jo ed,(loueE eql Jo sJolcEJ
crlslu{c pu" Iros 

'Ers 'l€rluelod runF.osl 'sserls

JO UolnqrJluoc eql PUE u^\oDI lou sr uoll€ua^ slql

roJ suosasJ eql 'uels eql Jo esPq eql seqcaeJ uollceJur
u?rl^\ erp serceds aues eql Jo sJoqlo ellq^\ uolceJul

lsrseJ slenprlrpur euros :selceds a uqlltr uoltceJur
o1 esuodser erD ur uoDsupl slc€Uer ,{pJEd serJeds
fe:olsta,ro Jo sqluep pare1Bcs 'senqe1rou potellBcs
puB ̂\eJ eJE iJJql lnq ourlJap u^\orJ lrqryxe slpuotS g
pue qer:ef 'uJ?rq 's€rlue. uorlceJul euoz-lleJuleJ
qAH ulqll,4& ',(11ucgr1o.rd $lruJ pue peqsllqqsa

IIa,r sr snSuru eql lBqt lc€J eql elrdsep'lsaJoJ euoz

lleJureJ ̂1ol lualsea ul sp arJlas sE 1ou st 1serol gerref
ar{l Jo ('E d uru 96y11) euoz 1€Jurer q8n{ eql ur seerl
o1 efuurq u'd urur 6661 ;' Sur,rrecar seuoz legure.r
^\ol-eterPeuuelw w DutlDqnqoatnl 't, qtuA PetEr.oss"
sr qzr.luf puu r.rJ€ru Jo ql€ep peJel€cs puu eullcep
u,^\oJc puB 'tNDJd DaoqJJotIiuDX p:du slptto.t8 g
'oowptt|g 

Jo ql€ep r{cl€d (9961 1add11 pue rerYeq5)
euoz crlrrullc pue flrrmurruoc 1uz1d uee,,n1eq seuu,r

1saro3 qerrrf eql w DutlDqnqoatnl 'y 
tro pedwl

'(886I neddrJ pue :a:eeq5)
Dutf)qnqoalnl y ol €lqudecms etB 'ltuotutltltp 

d
,(q uoqcayur tsrser l€ql qsoq fue1,,q 'peunuretep

ueeq lou e^?r{ sEalP PJIf,eJJE urqtt,n sseuqrtr setlads
ur se8urqc tnq '(896I lteddrl puu rerBeqs :986I
'p p eaJaed) seIInuBJ esronrp ruor; setcads 1ue1d

Jo e8uEr epr,ll E s]3eJw oulloqnqoafiI DrrDlllutv

'3rler1mv

ruelse,,r\-qtnos roJ elq€lp^E eJE selErullse ou lnq '(186I

epX) ree,{7ur O Z-S'O Jo eler " lE spee.Ids uuolcrrl
uI qseroJ ur DtlllDqnqoanl 'y i(q pesnec eseestq
'Ie^el runlncom eql esssrcur sdurqs puu EooJ pBep
puB 'sulels pu€ sloor uea,rleq lcstuoc ,(q peqsqq4sa
eJu suoq3eJur ,{\eN stoor qfnorql ql,'to.tB luqecfur ,{q
s?.rtuac uoqcaJrn ulqlJ,^\ s?BeJds ueSoqlvd eI{J'u^\oDI
pu q puqDqnqoatnl 'y tq p4:ry1e lsaroJ Jo ea:u eqt
puu (7 eyqul) Surdderu eurlnor Suunp peuruuelap uaeq
eABq se4ueJ uoqJeJn Jo ezrs eql lou lnq 'uorlEcol

eql '(t alqeJ :886I addrJ prrE rerBerls :986I
'p ta ecJp,ed) Hlsjlmv uJalse,,!\-qtnos lnoqSnoJql
pelnqrJlsrp ,(1epr,,n ueSoqted ,{rp,ruud e s Dutpqnqoalnl
DlrDllltury 'r8unJ 8uuo.r poon reqlo aqt u"ql EJIBrlsny
uJatsJ^l-qlnos Jo qseroJ ur Dtnpqnqodnl 'y 

1o lcedut
pue uorlnqrJlsrp eql Inoqe u^\oul sI a.Iour ,{1a,,ulu1ar

lpqt luEoru s"q (8861 1addrl pue rer€eqs :986I
'Io D eare"d iEB6l 'p ta alI>I) lseroJ qer.rrf pue urz4
eql st aolDqnqoalnl oyt4lluw uo qcJBeseJ luesed

'BrlEjlsnv ruEse,t\-wnos

Jo EseJoJ rn euop ueeq seq ed,(1 sql 3o srs,{1uur
ou lnq 'se.rodsorprsoq uorJ uortcoJut yo ,(cuenber; eql

Jo elsuqse ur epr,tord quc rusru"Sro ,(zo'op .nlncqred
? JoJ sed,{loue8 luereJJrp Jo uollnqglslp pu" requnu
eql sad.(1oua8 luereJJrp Jo suollceJul Jo uo4nql4slp
alaiJsrp 'snonutuoJsrp " ul sllnser se.rodsotptsuq
pesradsrp leuee puu slutod uoltceJul Jo uoqnqlllslp €qJ
'slsoJoJ tr€rlBllsnv tuelse,\\-rDnos w PaururleleP ueeq

tou sfl{ pue (0/6I U1:re1,tD poolsropun ,{1:ood sr t8ury



forests. Nevertheless care must be taken that forest
operations do not shift the balance ia favour of the
fungi by providing infection sites through wounding
and a large food base for reproduction. Information on
the distribution, incidence and ecology of fungi
causing decay is needed to predict the effects of forest
operations on decay organisms under different climatic
and site conditions,

Stem and Branch Cankers

Even though tle incidence of eucalypt dieback-decline
has increased in south-western Australia since the
1970s (Kimber 1980), the contribution of canker fungi
to stem and branch deatl has largely been ignored.
Mortality and decline of marri and red flowering gum
(8. fcifolia) was associated with slem cankers in the
mid 1930s (Smifi 1970). Davison and Tay (1983)

identifred a number of pathogenic fungi associated with
stem and branch cankers of forest trees in
south-westem Australia. Canker flrngi were associated
with a complex of factors causing crown declile of
wandoo (.8 wandoo) (Nbone 1989). Severe cankering
of marri in southem forest is causing concem
(C. Mulfer2 personal communicarrbn), bui bas not
been investigated.

Table I lists the primary pathogens that cause
perennial cankers. Not included are fungi tbat are
frequently isolated from cankers but are nonagressive
facultative parasiie (e.g. Cytospora eucalypticola).
Botryosphaeria ribr.s is an aggressive pathogen widely
distributed in tropical and temperate regions and able
to infe{t at least 34 genera and 20 families of plants
(Smith 1934). Wlereas B. ribis is possibly an
introduced pathogen (Davison and Tay 1983),
Ramularia pitereka is probably native to south-western
Australia (Walker and Bertus 1971). Although Davison
and Tay (1983) corsrder Endothiq gyrosq to be native
to the region, Walker (1987) questions the native
status of this pathogen.

IIow the canker causing fungi complele their life
cycles in south-westem forest is poorly understood,
This is complicated by uncertainties in the identity of
canker fungi. The identity of ttp Endothia gyosa ia
south-weslem forests was recently confirmed by
isozyme analysis against voucher specimens
(E. Davison', personal communiccrion). The firngus
causing the canker on red flowering gum was called
Sporotrichtan destructor, but the name was never
validly published and no description of the firngus
exists in the literature. The fungus causing cankering
of red flowering gum and marri rrny be R. pitereka,

but the identity remains uncertaia until fresh isolates
can be examined (Walker and Bertus 1971).

Canker fungi are opporhrnistic r strategists (fable

2). They spodate in dead bark and are dispersed as
sexually produced ascospores in wind currents or
asexually produced pycnidiospores in rain splash.
Entry of germinating spores is probably gained
through lenticels or wounds from branch shrbs, broken
branches and insect damage. Phloem and sapwood
invasion results in sunken cracked areas on the stem
that may expose the xylem and exude kino. Girdling
by cankers can result in gradual decline from death of
twigs and lateral branches to rapid death of leaders.
No determination bas been made of the losses of leaf
area and tree function from stem and branch death in
forests of south-westem Australia. Progressive canker
development may lead to death of diseased trees
(Smith 1970; Shearer e, al. 1987b).

Disease caused by canker fungi can be aggravated
by transient stress factors (Schoeneweiss 1975). Trees
planied outside the normal geographic range may
experience environmental stress with an associated
decline in resistance to infection by canker organisms
(Shearer er al. 1987b). Stress from defoliation by
insects (Abbott, this volume) can predispose tre€s to
canker organisms (Schoeneweiss 1975).

Leaf Spob

There has been no syslematic investigation of leaf spot
firngi on forest trees in south-westem Australia similar
to shrdies in eastem Australia (e.g. Park and Keane
1982). Table 1 list leaf spot fungi collected and
identified during the investigation of other pathogenic
organisms. More species, than ilr Table 1, would be
described from a systematic survey of leaf spots on
eucalypts in south-weslern AustraUa.

In general leaf spots are opportunistic r strategists
(Table 2). They sporulate in lesions and are dispersed
as sexually produced ascospores in wind currents or
asexually produced conidia in air and pycnidiospores
in rairr splash. Many leaf spot fungi are weak
facultative pathogens and are associated with insect
damage to leaves.

Most of the leaf spot frrngi of eucalypts would be
native to south-weslem Australia and play an
important role in litter decomposition and nutrient
cycling. Defoliation of eucalypt seedlings by
host-specific leaf pathogens affect the composition of
regeneration in forests of easlem Australia @urdon
and Chilvers 1974). Severe defoliation of eucalypts by
leaf spots has not been reported in Western Australia.
Karri seedlings are very susceptible io leaf infection by

2 C. Muller, CAIM, Bunbury

3 E. Davison, CALM, Como
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diverse but susceptible plant commrmities of forests of
south-weslem Australia. Movement of infected soils by
human activity is an important raechanism of dispersal
of Phytophthorq species and has necassitated the

commitment of considerable resources into hygiene
messures to prevent and ninimize this type of spread.
Fungi causing wood decay, cankers and leaf spots are
mainly dispersed by natural neans (Table 2), but care
must be taken io ensure that human &ctivity does not
cause wolmds favourable to infection (Table 2).
Cutting ftequency and regeneration from coppice
stumps can exacerbate the ilcidence of wood decay.
Fire may cause wounds favourable for infection by
decay fungi, but destroy inoculum of canker and leaf
spot fungi, Stand management must aim to prevent

stress and physiological imbalance that may predispose

a tree species to infection.

The life cycles of different pathogens can be linked
by the stimuli and iateractions occurrirg within forest

ecosystems. Care must therefore be taken to ensure
that the management of a forest does not consider a
few pathogens to the exclusion of others that may
occur,

CURRENT RESEARCH

Identification of the organisms causing brown wood in
karri is the only current research on disease being
undertaken in southem forcst. Armillaria luteobubalina
is an intermediate-K strategist and probably sensitive
to control by reducing the food base for reproduction.
The use of decay fungi !o reduce stumps as a food
base for ,4. luteobubalin& in southem forest has been
investigated (Pearce and Malajczuk i990b).

Research on diseases in the forest is mainly being

carried out north of the Preston River or in woodlands

and shrublands of the coastal Plain. Research is

continuing on the faciors affecting the development

and control of P. cinnqmomi in the northern jarrah

forest (Shearer and Tippett 1989) and coastal plain
(Shearer and HiU 1989). Current research on

A. luteobubqlinq has determined the irnpact of the
pathogen in the wandoo forest and coastal shrublands.
Methods for pathogenicity tests are being developed. A
survey of diebackdecline of wandoo has been

completed but the data requires analysis (Albone

1989).

There is no research in progress on the cause of

dieback-decline diseases and carkering of marri. No
determination is being made of the environmental
factors affecting the life cycles of Phytophthora
species, ,4. luteobubaliru and other decay organisms,
stem cankers and dieback-decline of unknown etiology
in southern forest.

HIGH PRIORITY ADDITIONAL
RESEARCH REQUIREMENTS

Shearer and Tippett (1989) detail research priority

areas and questions for P. cinnamomi and other

Phyophthora species. Research on diseases in southern
forests needing immediale attention are listed in order
of priority:

. Determine the cause of cankering and dieback
decline of marri and options for control.

r Develop a data base of the susceptibility of plant
species to Phytophthora species and delermine the
long-term effects of hfection on community
diversity.

. Determine the relationships between climatic events
and the processes affecting the development of
P. cinnamomi avJ P. citricola and host infection in
soil profiles of southem forest. Use the information
to apply risk and hazard rating systems.

o Identify and rank diseases in southern forest from
an assessment of thei impact and potential threat
to forest health.
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