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The dishack of the valuable jarrsh (Bucalyptus mavginata) i

Hestern smotralis has been observed for msny years, and its couse

has beon widely diseussed., The most comaon opinion among mmimﬂg
7 and foresters ssems to be that the fungus Phytopithors o i
| the real cmuse of the disemse. Podger, Doepel and Zentmyer (’4%5)
‘ have demonstrated that this fungus oscurs in tho sofls where the
] trees die. They have also shown that seedlings of Jarrah and Benksis
P adie ave sensitive o a fastor in the soil whore Phytoshihova
1 This factor 1z able to disperse readily through the soil and is sensite
| "' ive to soil sterilization. Many fovesters hove the opinion that the

| very dry smmer pevied in this avea is primsrily responsible for the
dichack of jarrah, m&m&iwmamhmdmﬂmﬁ typical
water-logging cocurring in pockets in the soil might have something

to do with the diseuse, |

On my visit o the jarseh aves in dsven 1966, it was impossible
to observe where water-logging hed ccourred last wintew., Mr. AJ3. Hateh
from the ¥.A. Forests Deparimen '

" bad been exposed to this phon
waleor content in the sofl at differont times of the yesr had not been
mRdc.

Present experiments by Mpr. Podger showed that different wones
can be seperated in the forest. In the most dangerous zeme both
Janksia and jarreh seedlings had died back, In another some only

yig had died but not the jmrrah. The explanation of this phene
omenon is supposed to be the more or less intemsive attack by

To solve the problem of the dishack of jJarreh i% secens most
vseful to compare mia@bmnu&haﬁmmmmmwwfm

in the South of the VUiS.h., the dicback of bireh in southern Cansda

and adjacent parts of the U.S.te, the polesblight of Pimue montiocols




snd the Sulypells canker of white ash in the northeeastern part of the
UeSehes from Fuvope similar dieback can be mentioned in ficea abies on

in very exposed sites. The most compavable disesse seoms

to be the little-leaf discase. Also im this cese fhytophithors cinnamomi

has been isolated from the zoil where the $recs &ie. Comprehensive inve
estigzations by especially Zak (1961) on the life cycle of the fungus

have shown that the formation of zoospores of the fungus ~ by which it

iz spreed in the soil - is dependent on a very moist site and that aerw
ation of the soil cen very effectively prevent the development and spread
of the fungus,

The above observation by Zak seomed 3¢ be conflirmed on my visit

to the jarrah areas for there mem' very similar eonditions to those he
desoribes where trees were healthy or dying respectively. Flants of
jarreh snd Bankeis had died in experimental plots in a jarrah stand.
There wes, however, alse an experimental ficld wheve jarrah plants and

healthy in a clear-ent avea where all old twxees had died and where the
ground had been rip.ed before the planting,

an analysis of the knmown facts thus demonstraied scems to justify
the following view of the problem, which, however, ¢sn only be definitely
solved by further research, not at lesst fieold exporiments combined with
snalyses of env
ution, soil temperature, sir temperaturs and transpiration of the trees.

nmmental factors such as soil moisture and ite distribe

During a drought poricd - espeecially in the second dry sumwer -
the young roots of the trees will be very severely damaged by this
drought, “hen the rain period begins the zoospores of the fungus Phyto-
phithora cinnamomi germinate. Thus the fungus attacks the dead roods or
weakx liwing reots. The free will then be still more weskened and evente

uslly die.

The cheervation that the disease soreads along nev fovest roads
could be attributed to the creation of fuvourable conditions for the
development of the fungus such ss wet spots. From such ceniers Fhytoph.
Lhoras would atback firet the more susceptible plants like Banksia, and
on these host plants the fungal population would increase in such & way

that enables it to atiack the lecs muscontible snocies 18k jarwah.
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A very important problem that should be investigated further,

¢ of the fungus in the soil. According to the published
data the fungus is supposed to ccour only sporsdisslly in sexdain spots
of the sofl. It is recommended that this problem should be investigated
more intemsively. In other investigations the fumgme Faviophthows einn
gmomi has been demonstrated to be very widespread in the eoil, Thsrefore,
it seems likely to be the environmental conditions in the sofl - espeecially

the distribution of the moisture - thet can be the most impordant factor
for the development of the moospores, which will be able to germinate
only in very wet sites such as esn be oxpeeted in conmection with waters
logeings Thusy the charnoteristic occurrence of the disease in spots can
be explainsd.

Zak (1961) has demonstraled that the soosperes in dey soil eve

st and also that asration of the soil can prevent their development

and thus eliminafe the ddoback of the $ress. If the physical stescture

of the seil, vhere water-lozzing i: normal in ceriedn spots, can be

changed for example by ploughing, 1% sesms likely that the enviponment

will become so wnfavoursbls for the germination of the zoospoves that

the fungus eanmot attack the voots. Thus, this interpretation ean explain

the sound plants of jarrsh on the nloughed cleare-sut aven, where the fungus

earlier had completey killed the trecs. |
4 possible conirol of the disback of jarrah could be by ploughe

ing or searifying the wﬁ in living stands where watew-logging usually

during the wet season. This treatment may be velatively expensive

but not teo costly compared to the timber value, and perhaps only s slight

trestmant would be necesarys Further veseasreh en this point is resommendad.

Stockholm, April 7, 1966,

(signed)




e)

e)

g)

h)

Considers probable - in spite of your failure to indicate presence
in "healthy” areas by baiting < that F. cinnemomi is present
throughout the aves.

If present in healthy areas may be in relatively dormant siste
until and unless theve is some disturbsnce o the site « e.g.
temporary waterlosying,

(on your omn evidence such conditions ave favourable $o the fungus
and unfavourable to Jarvah, )

Wonders if you have tested whether Banksia and Personia are more
susceptible to waterlogging than jarreh, which would make them
guicker targets for F. einnamoni,

Considers you should make intensive efforts to try to obtain

Po cinmamomi fron "healthy” areas. @sfe from poots of healthy
Jarrah or other plants, not merely proving presence in aetively
hostile state by lupin baiting of soils.

dppears to consider the water logging an extromely vital factor
(Alan Hateh emphasised that teme waterlogsing is not common in
Jareah soils, which ave relatively well-dvained., A temporary

supersaturation could cecur).
Thinks more intensive fiecld studies of the soil moisture aspect

The formalin treatment did not provide complete immnity.

The treatment effect Lroke down after shous Y months, After 17 months
éweuy&mmhMMnayplmmﬂmM@mfm

t_rmateﬂ plots.

F. D. Podger, 8/7/66




e)

a)

e)

£)

g)

Expresses doubt that . cinmamomi is the primery agent.
ﬂmi%mhue-mmnafm&umhwmhm
in "healthy” areas by beiting - M&nﬁmumt
throughout the ares.

unfil and unless there is some disturbsnce to the site - e.s.
erymmm.

(on your om evidencs such conditions ave favoursbls to the fungus
and unfevourable to jarzeh,)

#onders if you have taetadmmmudﬁ'@mhmm
susceptible to waterlogging than Jaryah, which would make them
quicker targets for r, cimmai,

dppears to consider t&mmlmmexmum factor
(Almﬁa%ehmim that mmmlea@,mgiam’emm -
Jarrah soils, which ave relatively woll-dvained, 4 temporary
supersaturation oould oecur),

Thinks more intensive field studies of the soil moisture aspect
of the ammawmummmwmm
particular set or level of sirommstanoes




3 Had no specific comment as to why a focus of infection should spread
steadily outward into apparently healthy forest, whereas a chenge in
local conditions could = or should - presumably stimulate several
simul taineous or massive ovemll‘ont’bxeak.

k) Also had mo specific comment on why there appear to be no such
spontaneous outbresks in isclated virgin or relatively undisturbed
jarrah forest.

Professor Bjorkman will, I imagine, be submitting a
report to the Director General and presumably a copy will be available
for you. Frank Batini will be interested if Professor Bjorkman does offer
any written comments.

A. R. ANGUS,
Acting Officer In Charge,
Western Regional Station, Forest Research Inst.

6/4/66.




The professor reised a mumber of interesting points

during his field trip on the seventeenth of Mareh, 1966. These
notes have beon campiled so as to supplement doth the Professorts
oun report to Doctor Jacobs and the weport which you will receive
from ¥pr, J. R, Asoguse.
aimmﬁm«rfmmnmwﬂmammmm He
fully appreciated the cconomic importance of Jarveh as s timber |
specie and conseguently the importance of the disemse. He &id nmot ,!/ .y
consider that Phytophthora eimnamomi plays the primary role in his | =
disease, and suggested that silviculture and/or seils may. '
Fhytophthors einnomosmi - indigenous or introduced?
(1)  The fungus is vegavded as being "mniversal”.
(2)  The failure to recover Fiytophthore by deiting in maffected

stends does no% prove that the fungue is not present theve. |
(3)  The fungus may be precent in the wmaffected forvest Mut in & F'

resting forms lupin infection will mot be achieved unless the
mz@mmmmmtmmwawm
incoulum level.

(4)

wwmmmmmdmmu
in%halabmm mmmmmmwm«ﬂ
a techmigue whereby the resting stase con be broken,
(5)  Direot plating of vects of known host plants from unaffected
areas could be tried to see if these will yield Phytephthors.
(6)  Could the present west = sast trend of dleback be due %o
factors such as rainfall or cutting rether than the caste
werd movement of the disease? |

() 1t is very important to estabiish conclusivaly whether
phytophthora is indigenocus
vill greatly mWe the methods used o control both the u
outhreak and the spread of the disease. |

Primary or secondary function of phytophthors cinnomoni?

(1) 4 degree of predisposition is nsually necessary before &
fungal pathogen attacks & plant,

(2) mmmzammmmmmmzmwm
has not yet been conclusively proven, Thiz is vegerded
complex disease involving scils of impeded profile drainage,
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shallow depth and low nutrient stetus in combination with a .
{3} It was suggested that the same condiiions may apply in
Vostern iustralias Among the factors licted were - ‘
() The perdodic wetting and drying of the soil and the }
subsequent movemant of the water tadle. |

(b} The low fortility of the soil.

{e) Alumintom toxioity.

(a) The loss of fertility in conjunedien with a second vol -

@timn

{e) Changes in the ccogysion as 8 rosult of man's activities. f

f.04 trade eutiing and road constmction, ‘

‘\

(4) The point was raised ms to whether & soil condition or silvic- |
wliural treatment allowed a large buildup of inoeuwlum of
Phytophthore to oocur: The funpus could them take over and |

booome the orimery canse of Jarrah dichack.

i

{5) The fact that of the T euenlypts tested, Jarrsh was the lesatd }[ =
tolerunt to excessive soll moisture, interesied the Professor. j\
He sugsested thet similar tests chould be conducted on both |
the susoeptible and vesistant spesiss of the underetorey with

parficulax enphasiec on B, grandis.
(6) The extension of soil tempernturs snd soil moisture studies ]

in gll somes ranging from “unaffected" through to Yold dead" |
was suggeabed. The Professor alse sugseeted thet the soil ‘
moisbure wegime in the wnaffected forest may not be adeguate |
for the btuildup of inveculum waless the comditions are changed
a2 the result of man's activities.

{7) Pathological disorders caused by root rotting organigms
often kept in check by soil antegonism coused by such specice 5
as Hortievellas and Trichodermss, The role of antagendstic 1
fungd snd mycorrhizae in disesse resistance neods to be move ‘
fully investigated. |
f

|

(1) It is suwrprieing that the understorey species ave the first |
to be affected. This is conlrery to the Professor's experw ‘
dances oversesas. i

(2) Great care must be used when interpretins the resulis in ! }
potted and sterilized soils. When festing for diseusse ‘
rogistance in mutrient sclutions the role of mysorrhizse in
disoase resistance must not be forzotien.
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(3)  Pot trials wnder varying scil moisture regimes should be
carried out to test the effect of soil molsture content en
the develomment of the disease.

{(4)  Instesd of soil sterilisation the use of pave sand 2s o "
culiure modivm wep stvessod.

(5)  Both pathologists expressed surprise by the difference in
the survival of Jarreh seedlinge cavsed by thivem dvenching.
It was expocted that the treated plots would be reinfected
by Phytophthore as a result of spove wash. The persistant
differences could be due to antagomistic fungl, which, having
reinvaded the treated plots first, slowed down the reeentey
of P. clonsmonmi. X

{&) The study of the disesse wnder field conditions with the
minimum anoumt of soil disturbance wes strossed,

Tede 66

* The response is due to repeated sprlications of Thirem at
intervals of 6 wocks and not, as the pexty appears to have been advised,

the rosult of a single treatment. i




During Yerch, 1966, Professor Nrik Bjérikman of “tockholm,
Sweden, in company with ¥r, Stahl of the Forest Research Institute,
visited Yestern Australiz to examinoe the jarrah disease known as
"Disback™, The Professor has since submitted a report which incerporates
repommendations for possible control measures and suggestions for further
research. A copy of his report is atiached.

Because Professor Bjbrkman visited the station ny Sew
Zealand tour of duty I 4id not have the opportunity for discussion with
him, Before leaving for Hew Zealand, however, I fumnished ¥y, Angas of
the Forest Research Institute aend Mr. Batini of the Forests Department of
Fentern iustralias with relevant date and literstuve for Professor BjSviman's
perusal, Hr. Hatoh of the Porests Department also accompenied the party
doring the field tour. These officers were well qualified to conduct the
Professor gince ir. Hatch was responsible for the early investigations om
jarreh dieback to 1952 end has considerable knowledge of the soils of the
jarvsh forest, while ¥Mr, Batinl had recently spent a period with me %o
become familisr with the problem snd our reseavch. It could not be expected
however, that sll the evidence on which my conclusione are bHessd would be
familiar to the group sineo much of it has yet fo be reporteds

Undoubtedly due to the heawy progvemse of travel and inspection
and to the limited time availsble, certain phenomena, which bear om
Profecsor Bi8vimen's observations, appear to have escaped the attention of
the party. These are indicated below as they relate to the Profescort's
commenbes

1s

Professor Bjforkman proposes

1. that Wm&a in this disesse is
secondarv.

2, that P cinnamowi is recognized as s universally
datributed orpanism and probably occurs in both
@isenved and healthy jarcah forect.

s gimnameni is sensitive to aeration therefore
i@mmt of soil seration might prevent development
of moospores snd thepreby elimate dichack of trees.
Conversely Ps ginommomi germinates only duving periods
of poor asration followin: waterlogzing.

3.

In so far as ny own conclusions ave contrazy to those of the
Professor in each case; and becsuse these matbers heve an important bemring
on the possibilities for contrel, and on the natuve of fubure rescarch ad
this station, & critical review of the velative meriis of the two hypothesee

is warranteds )




a)

The Professor's authority for this conclusion is the 1961 work
of Zak (1) en seration and the Litileleal disease. He supports this with
the observation that healthy jarreh plunts were seen growing in a cleared
dicback area whers he sugzosts, ploughing has improved s0il aeration.

Littleleal is recognized as a discase of erodod seils of poor
internal drainasge and low fertility and has boon shown to be sssociated with
2. ciomamomi (2). Zak 1961 carried out a series of grecnhouse studies to
determine the velative moles oft
1) Poor serstion on pine growth

2)
3) » oo ok S
4} Poor seration on the susceptibility of pine roots to
Es cionemond voob rots
He showed that, in the absence of P, ginnemomi, lower lovels of

soil oxygen caused a significant reduction in both root growth and the abun-
dance of myvorrhizse of “hortleaf pine, Further he demonsirated that B oin-
namond caused greatest root damege where wa%rmg wie excessive. It was
coneluded that both poor seration and 7, ginnssowi ceused damage to pine
r00ts. ’The inerease in root damsge by P. oimy
o mme emﬁitima for sporangial pm&wﬁm and zoospore movement. Soil

aeration per se however was found to bave no effect on the activity of the
fungus and Zak comcluded "the greater virulense of Zs sinnamami in ved and
poorly drained soils in not a funetion of poor seration®. Ewlier Curtis
and Zentmyer (3) working with ivocade seedlings in aerated mitrient culture
found that injury frem reot adtack by P. eim goord under conditions of ample
moisture oocurred ab levels of oxygen from full aserstion down to nearly
total lack of oxygen.

#aterlogging and poor soil asvetion are not e:sential prevoquise
ites to Fhytophthora attasck as FProfessor BjSrkmen suggests. Root rot by
this group of ovgenimme may oocur on light and well drained soils provided
there is excessive water. Iramn (4) working with P. drvechsle

0t vot of Ploms iata fmmd disesse on wll drained sodls, In the case
of guayule, root rot followed excessive irrigations in the case of sr Bodinta,
prolonged heavy rain. Jevere root rot of Jarrah seedlings has occurred in
pots of gravelly sands taken from dieback areas. The fres draining pots were
watered once daily. 2, ecinnamomi was isolated from rotted roots and the
resulting pure cultures were adied to jerrsh seedlings growing vigorously

on well drsined coarse sand watered ence dany Purther roet rot occurred.
I% was concluded that P. el cauases oxtensive jareah root vot in freely
drained well serated seils widad *hat molslure and temperatures conditions
are favourable %o the funsus.

gl in wet soil wes attriduted |




»)

s ginnamont appoars to be
capable of cousing primery injury over s wide renge of soil conditione,
Whevees the extent to which root rot affects the plant is dependant om the
susceptibility of the host, site faciors may alse influsnce $he ability of
the damaged root sywtem to recovers Site factors appear to play s particne
larly impordont role in the case of the Littleleal disease. Evon uo, snong
the Littleleal researvhers, the favoured intervretetion is that Littleleaf
is & disssse due to primsry root demsge by 2. glrmamemi sgrvevated by poor |
s0il aeration end low soil Fertility (1, 2)¢ Professor Bj¥rkmen proposes \
the reverse i.e: that roots are dameged by adverse site influences sad ]

further weakened by P, cimnmamoni l
|

¢) l
The observation made by the rzefessor page 2, para 2 of his :

report has boen advanced by seversl locsl foresters as evidence that jarrsh |
dieback might bo oyslic and that areas might reforest to jersah in time, In |
1964 & close exumination was ihevefore made of & mumber of aveas similer $6 i
that deseribed by Prefessor Bjbrikman. |
Two sets of conclusions are possidle, dependimg on how soon

after clesring and ploughing e disbeck ares is exsmined, Shortly after \
ploughing; and for up to a few years, nev sppavently healthy jarmeh advance ;
growth scedlings ean usually be found, Thereafter they gradually die outs
Their temporacy survival is atiribated to the grester resistence of jam-m.h

in the advance growth stage snd to low inooulum levels of Ee 2in

The redwotion in inoculum is considere

living host zaterial by ploughing than to any effeets of ploughing on soil

aeration. It is suggested that the observed later deaths cocur whenever

inoculum builds wp, even temporariiy, following more favourable conditisns

for fungal activity. DPeriodic extreme stress, following excessively wet

or long dry periods, miy alse contribute to the mortalities. p?
the deaths of jarreh planted on thoroughly enltivated growmd in l’“

ven Soorts (7) trisl at Holic Road aad in my own experiments at Kawnot :ML"’

Huntly indicate that cultivation of dlsback avess is wnlikely do srrest $he’ . ,°

disense. e w

It is concluded that the experimentsl work of Zak end the

1 experience of jarreh growih on planted up old dieback sites lends support 7
to the hypotheses that pathogenicity of P. cinnamemt is primsry and is not ‘
conditionsd by seration, | i

a)

Professor Bjorkmm suggests that the fungus, as Sormant resting
b@éiw, probably cccurs throughout healthy aveas. This hyvothesis is nad |
easy o refute since fam absence of dormant spores can mever be conelusively '

S




ﬁnrmmmmmwmﬁﬁahmémtaaﬁ@ ‘
between the fungus and dieback in some 180 samples from 3¢ localities, I
évery case an equal number of sumples was teken frem adjacent non disensed
stands. In a nomber of instonses the mmflected forest samples wore Salen
within half & chain of the dilseased forest samplesy often on apparently ide.
ntical soil, topozraphie and drainage situations. On 1o tesesion was
Zs cirnamonmi detected by lapin haiting soil samples from healthy forest.

A% Rarnet each two weeks for one your 15 semples esch have been
laken from healthy forest and From dying forest one chaln away.  Soil moise
ture and soil temporature records for the sae plages ave available Fox
the sase perdod and show no mavked dlfferences. lonetheless, Py clomemoand
has beeu recovered from the dsessed forest s0il on more then half thess
oceszions, but never from the healthy area. |

Professor Bjbriman was shown this information and considersd {/
the lupin baiting tecinique mast be incspshle of detecting resting boddes.
In his report Professor Bfbrikman rafers 5o the demonsiration
of widespread ocourvence of P cronamont In both diseased and unaffected
forest. This ie true of investigations in New Zealand (55 8, 9) and of the
Bittleleaf disense (2}, but does not reflcot Zentayer's (10) expsrience in
California and Latin imewica where, despite many attempin, he has never
Tecovered s clnnsmori from virgin aveas. Similarly the fungus was found
in nureeries tut not in forest stands in the Pacific N.W, of U.5.4. (11).

Newhook (5) isolated P. olnnamomi from under healtny 2o zadista
stands uwsing the gy le~baiting techmigue, Similar experience by Campbell and
Copeland (2} in the Littlelesf aves is reporteds In view of the efficacy of
this techmique in both situations it night be expected that the use of a
similar Sechnigue, involving the use of 1living Highly sagcepbible host,
might glve similar pesults. Chee and Newhook (12) made comparutive tests
of the luwpin and the apple tochnigue and obtained generally higher recoveries
with the fopmer method. '

Sinee Frofessor BiBrkman's visit Darling, at this station,
beited for the fungns in healthy forent soil kept waterlogoed in pots for
3 months baiting every second weok over the 3 months has failed to ¥ield the
fangus.  Stimalation of the dormant spores wnder such poorly aervsted condite
ions might have beon expoeted if the Professor's hypothesis is corvect.

Finally we have regently produced diebask symptoms in a prove
ionsly waffected stand hoih by tranafer of small quantitios of disecascd
forest soil and by mure cultures. P, einvomoni was revovered from inoomlated
plots but not from immediately adjacent controls. This is regarded as
evidonse oFf the ability of P, Sdiremonl, walded by poor aseation op
disturbence, %o cause dieback and is a@m&iﬁ-ﬁmﬁ with the reported bohaviour
of the fungus. .




aised by Professor BiBirkman

The east west trend of dieback (see Er, Batini's notes itenm 6)
Rainfall decreases rapidly eastward in the Jarveh forests This misht be
expected Yo influence the spread of a fungus dependant on a swimming spore
stage; lower vainfell probably accounts in part for the lower incidence of

dieback in eastern jarrah arveas, Gn the other hand much castern forest 1; i W»""’“
] b
has only a recent history of loguing and roadingy the low ineidense could l‘é//

§

sherefore be &ie to lask of epportunity for introduction of the fungus. In -~ T] 1.

-4
o

my epinion the tread expresses the influence of both factors. g e
: _‘./1;/,;"‘ :i' H‘;'Ziéj"i
2) The need for intensive soil temperature end moisture studies '

is recognized, It is apparent from the comment that the party was nod sware
of the full extent of the installations at Earnet. Contimuous records of
temperature in the 0" - 3% goil level are maintained in asgh of the healthy,
dying and dead szones at Xamet. 41l are on similar gravelly sands snd all
in & radius of 5 chains. At these same loealities soil temperature betweon
£" » 9" and 9" « 15" are measured pericdieally. Soil moisture determinations
and lupin baiting for Phytoghthors are Sarried out once every two weeks on

5 replicates at each of the three soil depth szones on all three sites.

Data from one years observations is now available. This indicates that soil
moisture and temperature conditions were favourable for Phytophthora build
up in all zones durins much of spring and antumn. Winter temperatures were
mmllymelmmdinm-soﬂnwmmrmzhpefthﬁﬁmm.

3) There has been no investigation by us of a build up of
antagenistic fungi after trcatment with formalin or thirems it remains a distinct
poscibility however, that this could be pert of the thewspeutic natuve of thiram
treatment. The principal of thiram action according to Kreubzer (13) is inter-
ference in the citric acid oyele in the metebolism of sensitive fongi.

4) The professor's point concerning our lask of knowledge of

resting stages and dormaney is ackmowledgeds This is of considerable importance
to final resolution of the guestion. Work elsewhere (Zentmyer, in preparation)

may soom provide some answers,
%gﬂ 6 /g.
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